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Summary 
In 2008, the Ord Irrigation Expansion Project was approved by the Western Australian 
Government to develop irrigated agriculture on the Weaber Plain. Construction of the M2 
supply channel connecting the Ord River Irrigation Area and Weaber Plain, and the final 
period of irrigation design, environmental management and related approval processes, 
commenced in 2009. 
An important concern is the effect the Weaber Plain agricultural development may have on 
the water quality of the downstream Border Creek and Keep River, particularly as it relates to 
threatened species—listed as Matters of National Environmental Significance (NES) under 
the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)—that inhabit 
or may inhabit the area. Possible increases in salinity, nutrients, suspended sediment and 
farm chemicals delivered in run-off to four perennial river pools in the lower Keep River and 
the Keep Estuary are therefore of primary interest. 
This report assembles and reviews all available physico-chemical water quality data for the 
lower Keep River and Border Creek systems and presents data from the initial year of a 
targeted baseline monitoring program (June 2010 – June 2013). Data from the nearby Ord 
River Irrigation Area is compared to provide a base for forecasting the project’s impact. 
The lower Keep River system is highly dynamic and responsive to prevailing rainfall and tidal 
influences. Evidence is presented that indicates the dry season flow characteristics of the 
Keep River are undergoing change—from an annual flow system to a perennial stream due 
to groundwater rise as a result of the increase in rainfall since 1993.The K3 river pool, 
previously thought to be a fresh aquatic ecosystem, was shown to be affected by tidal 
exchange and saline conditions in the dry season. 
Results also indicate that the waterways are better classified as being moderately disturbed, 
rather than pristine or unmodified, as might have been predicted given that the current land 
use in the catchment is low intensity grazing. The revised classification is made on the basis 
of the high nutrient and suspended solid concentrations observed, particularly during the wet 
season.  
Although incomplete, data shows that adherence to the ANZECC & ARMCANZ (2000) 
default trigger values (of the major water quality parameters relevant for undisturbed tropical 
rivers) is not appropriate for the lower Keep River and recommends that site-specific trigger 
values be developed. This report therefore specifies a coordinated, ongoing baseline water 
quality monitoring program, tailored (in accordance with ANZECC & ARMCANZ (2000) 
guidelines) to suit local conditions, as the basis for developing site-specific trigger values. 
The continued use of logger and autosampler technology is recommended. 
This study concludes that the water quality of the final run-off from farms on the Weaber 
Plain at the end of the wet season flow is likely to be of greatest importance to the health of 
the river pools in the dry season. Accordingly, monitoring and management of stormwater 
discharged from the proposed farmland development should focus on the late wet season 
period. 
Baseline sediment physico-chemistry, aquatic biodiversity, EPBC Act listed species 
abundance and macro-invertebrate data are being collected in parallel studies.  
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1. Introduction 
In 2008 the Ord Irrigation Expansion Project was approved by the Western Australian 
Government to develop irrigated agriculture on the Weaber Plain. Construction of the M2 
supply channel connecting the Ord River Irrigation Area (ORIA) and Weaber Plain, together 
with the final design of the irrigation layout, environmental management and related approval 
processes, commenced in 2009. 
The farm design in the development is based on the use of an irrigation tailwater 
management system. The tailwater system captures irrigation run-off for reuse on farms and 
prevents discharge during the dry season. The tailwater system also allows the equivalent of 
up to 25 mm of storm run-off to be captured and stored within the boundary of each farm. 
Wet season flows above this threshold can be stored or discharged to the environment. The 
system consists of channels constructed to collect tailwater, a storage area, and return 
pumps and pipelines that deliver irrigation water to supply channels to enable its reuse. 
In late 2009 the Department of Agriculture and Food, Western Australia (DAFWA), with 
partners Kellogg Brown and Root Pty Ltd (KBR) and GHD Pty Ltd (GHD), collected new 
information to enable delivery of revised groundwater and surface water management plans. 
In particular, hydrodynamic modelling (GHD 2011a and GHD 2011b) was undertaken as a 
foundation of the surface water management plan. Much of the data contained in the present 
report was used in the modelling and development of the surface water management plan. 
The requirement for these plans had been established by the Environmental Protection 
Authority as part of the process of evaluating the Wesfarmers Marubeni project (Kinhill 
2000). During the evaluation period, KBR and others had begun to address the joint issues of 
salinity and water quality within the agricultural area, surrounding conservation buffers and 
downstream Keep River. In addition to the State Government’s requirement of an 
environmental impact statement, the Project has to meet environmental conditions imposed 
by the Commonwealth Government, namely those related to the Environmental Protection 
and Biodiversity Conservation Act 1999 (EPBC Act), as well as address any concerns of the 
Northern Territory Government. 
An important concern is the effect that the Weaber Plain agricultural development may have 
on the water quality of the downstream Border Creek and Keep River, particularly as it 
relates to three threatened species, listed as Matters of National Environmental Significance 
(NES) under the EPBC Act: the dwarf sawfish (Pristis clavata) and the freshwater sawfish 
(Pristis microdon) that have been found in the Keep River and the speartooth shark (Glyphis 
glyphis) that may inhabit the Keep Estuary (NCTWR 2005). Possible increases in salinity, 
nutrients and sediment loads delivered in run-off to four perennial river pools located in the 
lower Keep River and the Keep Estuary are therefore of primary interest, as well as farm 
chemicals that may be toxic to the EPBC Act species. 
In accordance with the ANZECC & ARMCANZ (2000) Water Quality Guidelines, the 
recommended method of assessing the impact of a development on downstream water 
quality parameters (and aquatic species) is to first determine the pre-development (baseline) 
condition and then monitor to detect change. Baseline monitoring can enable the derivation 
of site-specific trigger values (TVs) for relevant water quality physical and chemical (physico-
chemical) stressor parameters, as well as provide the data against which future changes can 
be assessed. In the absence of sufficient existing data, baseline surveys conducted over a 
two year period, using sampling protocols defined by ANZECC & ARMCANZ (2000), are 
recommended. The 20th and/or 80th percentile value (depending on whether the parameter 
has a detrimental effect at high or low concentration or value, or both) of each relevant 
physico-chemical parameter may then be used as the site-specific TV. In the absence of site-
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specific TVs, region specific ANZECC & ARMCANZ (2000) default TVs are recommended. 
The recommended default TVs are conservative because in the absence of contrary 
information, target ecosystems are initially classified as being ‘effectively unmodified, high 
conservation/ecological value systems’ (ANZECC & ARMCANZ 2000), especially if species 
targeted for protection are endangered. 
In developing draft surface water management plans it was evident that, while a considerable 
amount of water physico-chemical data collected over a long period of time was available, 
the purposes for its collection had been ad hoc, as had been the timing and parameters 
analysed. As such, the available data was not ideal for the derivation of reliable site-specific 
TVs. Despite its limitations however, the data indicated the lower Keep River system to be a 
‘lightly to moderately disturbed system’ and that it was therefore appropriate that site-specific 
TVs be defined. The available data was also useful in guiding the development of a targeted 
and co-ordinated baseline water quality sampling and analysis program. 
This report documents and reviews the available surface water physico-chemical data and 
reports the results from the initial period (June 2010 to July 2011) of the Weaber Plain and 
lower Keep River baseline water quality sampling and analysis program. The sampling 
program will continue until 2013 at which time a final report will be published.  
This report also compares and contrasts selected lower Keep River catchment water 
physico-chemical data with similar data collected from the D4 Drain, which captures water 
from a large area of the nearby Ivanhoe Irrigation District, within the ORIA. The D4 data 
provides a relevant local reference to the quality of water that may discharge from the 
Weaber Plain area following development for irrigated agriculture. 
Parallel studies of baseline sediment physico-chemistry, aquatic biodiversity, threatened 
species abundance and macro-invertebrate data are also being collected in accordance with 
ANZECC & ARMCANZ (2000) and AUSRIVAS guidelines, as recommended in WRM (2010).  
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2. Background 
The Ord River Irrigation Area (ORIA) is located in the Kimberley region of the north-west of 
Western Australia, near the town of Kununurra (Figure 1). The irrigation area was 
established in 1963 with the release of five farms and developed to the present extent of 
14 000 ha. 
The Weaber Plain (Goomig) is located 30 km from Kununurra, north-east of the existing 
ORIA and to the west of the Western Australia–Northern Territory border. It encompasses a 
broad system of alluvial soils which form part of the Keep River catchment. The Weaber 
Plain is a relict alluvial plain (Smolinski et al. 2011) within the Cambridge Gulf Lowlands Soil-
landscape Zone (Tille 2006). It extends from Cave Spring Gap in the west to the Keep River 
in the east. The Weaber Plain contains proto-valley sediments. The main stratigraphic unit is 
referred to as the Ord palaeochannel, formed when the Ord River previously flowed through 
Cave Spring Gap and into Joseph Bonaparte Gulf, east of where the Keep River now 
discharges (Ticknell et al. 2007). 
The area had been identified as suitable for irrigated agriculture for many decades. However, 
it was not until 2008 that the Ord Irrigation Expansion Project proposal to develop about 8000 
ha of the Weaber Plain was approved by the Western Australian Government. Developing 
this area is seen as the first of several such development proposals (Ord West Bank, 
Mantinea, Carlton, Knox, Keep River, Cockatoo sands), leading to the potential for irrigation 
of an additional 52 000 ha. Demand for irrigation water supply from Lake Argyle has been 
calculated at 80–120 GL for the Weaber Plain; up to 865 GL is available for irrigation in the 
area. 
The 8000 ha Weaber Plain farmlands are located within the 100 700 ha Border Creek 
catchment which joins the 351 000 ha Keep River catchment 12 km downstream. There are 
no incised channels within the farmlands area. Minor channels only develop where Border 
Creek becomes more defined as it approaches the Keep River. The main inflows onto the 
Weaber Plain occur during the wet season and originate from Sandy Creek to the north-west, 
Gum Creek and Yard Creek to the north, with some minor inflows originating from Pincombe 
Creek to the south. Additionally, overflow from the ORIA (D8 discharge area) and 
surrounding hills flows north-east towards Border Creek. Some of this water is temporarily 
impounded in a connected series of lowland swamps in the western part of the plain. In 
wetter years, these flows spread out as sheet flow across the plain (Lawrie et al. 2010) and 
have low peak velocities of 0.1–0.2 m/s (GHD 2011a). These flows cause localised seasonal 
flooding and inundation.  
At present the Weaber Plains are used for cattle grazing of natural pastures, as are most of 
the Keep River and Border Creek catchments. 
George et al. (2011) contains descriptions of the geology, topography, soils and hydrology of 
the Weaber Plain and surrounds. Lawrie et al. (2010), Ticknell et al. (2007) and Humphreys 
et al. (1995) also describe the hydrogeology of the lower Keep River catchment. 
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Figure 1 Study area locality map 
2.1 Climate and rainfall 
The area has a tropical savannah climate with two distinct seasons; the ‘wet’ monsoonal 
period occurs from November to April when 90 per cent of the annual rainfall occurs, and the 
‘dry’ from May to October. Annual pan evaporation is 2800–3000 mm. 
Rainfall data from recording stations in the Kununurra area was sourced from the Bureau of 
Meteorology and analysed (DAFWA 2011). The Ivanhoe Station data is reported, as it is the 
closest to the Weaber Plain (36 km west) and has the longest continuous record. The long-
term average annual rainfall (1907–2010) at this station is 800 mm, and ranges from 355 to 
1545 mm. 
A distinct increase in annual rainfall at Ivanhoe Station was observed after 1993 and is 
shown by plots of the 10-year moving average and Accumulative Annual Residual Rainfall 
(Figure 2). Some informative rainfall statistics for Ivanhoe Station are: 
 The average annual rainfall for 1993–2010 was 990 mm. 
 1993–2010 was 29 per cent wetter than 1907–1992 (99 per cent confidence level). 
 1993–2010 was 35 per cent wetter than 1963–1992 (99 per cent confidence level). 
 1993–2010 contains 6 of the wettest 13 years on record, all of which are above the 88th 
percentile. 
 1997–2007 contains 4 of the wettest 6 years on record, all of which are above the 95th 
percentile. 
Figure 2 also shows that even though the period 1907–1926 was also wetter than average, it 
did not contain the consecutive runs of extremely wet years observed since 1993. 
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Figure 2 Rainfall record (1907–2010) for Ivanhoe Station (PDD 002013) 
2.2 Review of previous investigations 
2.2.1 Water flow characteristics 
The Northern Territory Department of Natural Resources, Environment, the Arts and Sport 
(NRETAS) operates permanent, automatic, instantaneous stream (stage height and 
calculated flow) gauging stations (GS) located on the Keep River approximately 1.5 km 
upstream of where Border Creek enters (above Legune Road Crossing within pool K4; GS 
number G8100225) and on Border Creek, about 6 km upstream of its confluence with the 
Keep River (GS number G8100106). Figure 3 shows their locations.  
Continuous measured stage and calculated flow rate data is available from the GSs for the 
periods 1965–1986 and 1998–2011 for the Keep River and 1971–1986 and 1998–2011 for 
Border Creek (NRETAS 2011). Stage to flow rate relationships have been derived for low 
and moderate flows up to a 2.5 m stage. However, the relationship at higher stages at both 
sites is theoretical, based on the cross-sectional area. Figure 4 indicates that Keep River and 
Border Creek have run-off flows principally restricted to the wet season, and that Keep River 
has much higher flow rates than Border Creek.  
The mean annual flow of the Keep River at Legune Road crossing is approximately 428 GL 
and has varied between 16 and 1613 GL in response to the amount of wet season rainfall. 
Analysis of the relative daily flow volumes recorded at the Border Creek (100 700 ha 
catchment) and Keep River (351 000 ha) gauging stations indicates that, on average, the 
total flow from Border Creek is only 10 per cent of that of the Keep (comparison of sum of 
daily flows during the periods when both stations were operational). The median of the daily 
ratio between the flow rate of Border Creek and Keep River (measured over 5846 days when 
both were flowing) is 0.11 which indicates that, per unit area, the Border Creek catchment is 
normally much less responsive to rainfall than the Keep River catchment and contributes a 
relatively small volume of the Keep River flow. 
During the dry season, the Border Creek bed is dry and contains no significant permanent 
pools. There are three small (less than about 500 m2 each in area), shallow (less than 1 m 
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deep), often ephemeral pools where it crosses sandstone outcrop in the lower reaches, near 
the confluence with Keep River. The water in these pools may be augmented by localised 
groundwater seepage.  
Within the Border Creek catchment there is permanent water at Point Springs and at Yard 
Creek waterhole. Both are located outside of and above the proposed Weaber Plain 
development area.  
 
Figure 3 Aerial view of Keep River pools, Keep Estuary, Border Creek, the extent of tidal influence and the 
gauging stations 
Keep Estuary 
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Three significant pools in the Keep River are maintained during the dry season between the 
Border Creek confluence and the upper limit of permanent tidal water in the Keep Estuary, 
approximately 12 km downstream. The pools are named K1 (lower), K2 (mid) and K3 
(upper), their locations being described in KBR (2005a) and shown in Figure 3. The pools are 
defined by rock bars. Gray & Williams (2006; op. cit. in Ticknell et al. 2007) used continuous 
recording tide gauges during October and November 2004 to show that the potential upper 
extent of tidal influence (high spring tides) extends to K3. KBR (2005b) also concluded, 
presumably based on Gray & Williams (2006) data, that K1 and K2 receive periodic tidal 
inflows depending on the height of spring tides, while K3 appeared to be possibly influenced 
by only the highest tides. However, the frequency and magnitude of tidal effects, in K3 pool 
in particular, has not been defined by previous investigations. 
  
Figure 4 Comparison of average daily flow rates for Keep River and Border Creek (data source NRETAS 
2011)  
Above the confluence of Border Creek and the Keep River, the K4 permanent pool extends 
approximately 1.5 km upstream of the Legune Road crossing (Figure 3), and is where GS 
G8100225 is located. K4 is separated from K3 by about 1.5 km of river bed which is crossed 
by an outcropping basement sandstone rock bar (on which the Legune Road crossing is 
located).  
Water level (stage) data from GS G8100225 (Figure 5) shows that after 2000, the minimum 
dry season water level in K4 rose to about the height of the cease-to-flow level. Since 2006, 
water from K4 pool has continuously discharged into K3. Prior to 2000, the dry season water 
level in K4 always reduced to at least one metre below the cease-to-flow level, often to below 
the minimum recording height of the GS. By contrast, flow rate at Legune Road crossing was 
between 0.02 and 0.03 m3/s when estimated on several occasions during the dry season in 
2010 and 2011. 
Anecdotal evidence indicates that there was no dry season flow out of K4 pool prior to 2000. 
WRM 2010 and A. Storey (pers. comm. 18 June 2010) report that since 2000 there has been 
increasing dry season discharge from this pool across the Legune Road crossing every year 
(from about 0.005 m3/s in 2000).  
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Figure 5 Daily stage height of water in pool K4, recorded at GS G8100225 (data source NRETAS 2011)  
Limited bathymetry is available for the lower Keep River. Gray and Williams (2006) 
conducted a longitudinal bathymetric survey in the upper reaches of the Keep Estuary and 
within pools K1–K3. Additional pool depth data recorded at water sample sites is also 
presented in KBR (2005a) and WRM (2010). 
The permanent waterholes Policeman’s Waterhole, Alligator Waterhole and Milligan’s 
Lagoon are located in the mid and upper Keep River catchment, upslope of and distant from 
the proposed Weaber Plain development area. NCTWR (2005) notes the effects of 
significant cattle disturbance to the pools and waterholes in the lower Keep River and Border 
Creek catchments in particular.  
2.2.2 Water quality 
In the absence of sufficient site-specific data, the use of the appropriate ANZECC & 
ARMCANZ (2000) default trigger values for Tropical Australia (ANDTVTAs) for the relevant 
physico-chemical water quality parameters is recommended. Given the occurrence, or 
potential for occurrence, of threatened and listed NES species, the ANDTVTAs chosen 
should represent the ranges of those expected in ‘effectively unmodified, high 
conservation/ecological value systems’ (ANZECC & ARMCANZ 2000). Accordingly, the 
concentrations of relevant indicators, for example total phosphorus (TP), are set very low, 
being at or below the limit of reporting (LOR) for routine analysis by laboratories. The 
ANDTVTAs for the lower Keep River and Keep Estuary are shown in Table 1. 
For direct toxicants (e.g. farm chemicals), given the potential for impact on threatened and 
listed NES species, ANZECC & ARMCANZ (2000) recommend adopting a ‘99% species 
protection level’. This level is the concentration of toxicant at which 99 per cent of species 
remain protected. Being derived from eco-toxicological studies, values for freshwater and 
marine ecosystem protection are deemed to be relevant across regions. 
Water sampling has been undertaken in the Keep River and Border Creek since 1972 for 
various purposes and covering a range of parameters. KBR (2005a) summarises many of 
the results and reports on a baseline survey of water quality undertaken along the Keep 
River in October 2004.  
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Table 1 Selected ANZECC & ARMCANZ (2000) default trigger values for tropical Australia (ANDTVTAs) 
appropriate for the lower Keep River and Keep Estuary 
 Lowland rivers Estuaries 
pH 6–8 7–8.5 
EC (mS/m) 2–25 na 
Turbidity (NTU) 2–15 1–20 
Total suspended solids (mg/L) 2–15 1–20 
Dissolved oxygen (%) 85–120 80–120 
Chlorophyll a 0.005 0.002 
Total nitrogen (mg/L) 0.3 0.25 
Nitrate plus nitrite (mg/L) 0.01 0.03 
Ammonium (mg/L) 0.01 0.015 
Total phosphorus (mg/L) 0.01 0.02 
Filterable reactive phosphorus (mg/L) 0.004 0.005 
NCTWR (2005) undertook a comprehensive aquatic fauna survey of the Keep River and 
Estuary (including upland waterholes and river pools) in July 2004 during which they also 
obtained some water quality data.  
WRM (2010) undertook comprehensive aquatic fauna and water quality sampling in October 
2009 to provide baseline data against which future changes could be assessed. The 
sampling program focused on the Keep River, also including waterholes in the upper 
reaches, with some additional sampling of pools in the lower Weaber Plain area. WRM 
(2010) found that water quality in pools K1–K4 was generally within ANDTVTA limits, 
although levels of total nitrogen (TN) and TP were close to their respective trigger values. 
WRM (2010) recommended ongoing regular monitoring to determine the frequency of 
exceedance of TVs at these locations and the development of site-specific TVs. 
The assembled available water quality data from the various previous studies for the Keep 
Estuary, Keep River pools (K1–K4) and Border Creek are included in Appendices A to F. 
Table 2 summarises the major water quality parameters of pH, electrical conductivity (EC), 
total dissolved solids (TDS), turbidity, total suspended solids (TSS), TN and TP from these 
data, separated (where there is sufficient available data) into wet and dry seasons. During 
the data analysis undertaken for the preparation of Table 2, any parameter that was at a 
concentration less than the LOR was assigned the LOR value. In Table 2, concentrations 
that exceed ANDTVTA limits are shown in red.  
Dry season water quality data for Border Creek is limited (as an ephemeral creek system it 
has no flow for much of the dry season) and samples were collected mainly from remnant 
wet season water remaining in pools in the creek bed, or from the small rock pools near the 
outlet. There is only dry season data available for pools K1–K3, which cease to exist as 
separate water bodies after the commencement of wet season flooding, and are, besides, 
inaccessible by ground during the wet season. 
Most of the Keep River and Border Creek wet season water quality data was collected during 
the 1997–98 season, using autosamplers installed at the GS sites by the (then named) 
Northern Territory Department of Lands, Planning and Environment. This data, while not 
contained on the NRETAS database, was published in Kinhill (2000). Copies of 
correspondence contained in WEC (2003) refer to the autosamplers being fitted to GS 
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Table 2 Summary of selected water quality parameters from previous studies observed in the Keep 
Estuary, Keep pools, Keep River and Border Creek (red font indicates exceedance of ANDTVTA) 
Site   
Keep 
Estuary 
K1 K2 K3 K4 
Keep  
River (K4)  
Border 
Creek 
Border 
Creek 
Season   Dry Dry Dry Dry Dry Wet Dry Wet 
pH Mean 8.40 8.38 8.38 8.00 7.63 7.00 7.61   
 Median  8.27 8.36 8.00 7.70 7.00 7.75  
 Maximum  9.18 9.01 9.15 9.05 7.80 8.24  
 Minimum  8.03 7.93 7.38 6.55 5.60 6.60  
 80
th 
percentile  8.32 8.39 8.15 8.07 7.38 8.10  
  No. samples 1 34 32 39 67 13 6 0 
EC (mS/m) Mean 3760 2903 534 187 41 10 27 5 
 Median  2900 385 199 40 7 28 4 
 Maximum  3950 1790 249 87 31 37 9 
 Minimum  1388 196 41 16 5 5 2 
 80
th
 percentile  3160 631 206 51 11 31 6 
  No. samples 1 39 37 44 67 58 11 30 
TDS (mg/L) Mean 31 865 24 580 6311 1017 474  193  
 Median 32 200 27 850 6250 1075 260  170  
 Maximum 34 900 33 100 11 000 1247 869  358  
 Minimum 24 300 13 000 1190 250 220  40  
 80
th
 percentile 32 700 30 800 8000 1219 793  282  
  No. samples 17 10 11 11 7 0 10 0 
Turbidity (NTU) Mean 57 2 4 4 19 100 4  
 Median  2 2 4 12 58 3  
 Maximum  5 13 5 281 351 7  
 Minimum  1 2 3 1 6 2  
 80
th
 percentile  2 4 4 20 138 7  
  No. samples 1 11 11 11 59 9 6 0 
TSS (mg/L) Mean     54 294 31 779 
 Median     27 181  189 
 Maximum     120 1821  3351 
 Minimum     15 37  9 
 80
th
 percentile     83 429  1283 
  No. samples 0 0 0 0 3 50 1 48 
TN (mg/L) Mean  0.26 0.20 0.30 0.23 2.01 0.21 3.87 
 Median  0.24 0.21 0.22 0.23 1.95 0.22 1.84 
 Maximum  0.56 0.42 0.97 0.36 3.40 0.30 12.09 
 Minimum  0.17 0.08 0.09 0.12 0.28 0.12 1.66 
 80
th
 percentile  0.28 0.26 0.40 0.27 3.00 0.27 4.06 
  No. samples 0 12 13 13 8 6 7 5 
TP (mg/L) Mean  0.01 0.01 0.01 0.02 0.09 0.02 0.12 
 Median  0.01 0.01 0.01 0.02 0.07 0.02 0.11 
 Maximum  0.01 0.02 0.02 0.04 0.54 0.05 0.23 
 Minimum  0.01 0.01 0.01 0.01 0.01 0.01 0.05 
 80
th
 percentile  0.01 0.01 0.01 0.03 0.10 0.02 0.16 
  No. samples 0 12 13 13 9 48 7 30 
Sampled from  1983 1983 2004 2004 1975 1975 2004 1972 
Sampled to   2004 2010 2010 2010 2010 1998 2010 1998 
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G8100225 and G8100106 (plus another site, not reported). Unfortunately there is no 
documentation available that distinguishes the dates and times when individual samples 
were obtained; only the dates when the samples were collected from the autosamplers are 
available (contained in Kinhill 2000 and reported in Appendices E and F). TP analysis was 
undertaken on the autosampler samples, whereas TN analysis was not, with the nitrate-
nitrogen (NO3 N) component of TN analysed instead. We consider the autosampler NO3 N 
data to be somewhat unreliable because of the extended period of time that samples 
remained in the autosampler, presumably without preservation, prior to collection and 
analysis. In the absence of sample preservation, biologically-induced or other nitrogen-form 
transformations are likely to have occurred, such that the NO3 N concentrations reported may 
not accurately reflect those present at the time of sampling.  
The most comprehensive and reliable water quality data, collected over the longest period, is 
from the K4 pool during dry seasons.  
The pH data summarised in Table 2 shows that the waters of the Keep River and Border 
Creek are generally neutral to alkaline. There is an apparent trend of increasing pH in pools 
from K4 towards the estuary, likely due to the increasing influence of marine water in the 
pools during tidal exchanges.  
At K4, the Keep River is permanently fresh, with the annual EC range being 5–87 mS/m. 
Mean and median wet season electrical conductivity (EC) values are about one quarter of 
those in the dry season, which we interpret to indicate a greater influence from both 
groundwater contribution and evapo-concentration during the dry season. EC measurements 
obtained prior to 1995 are always less than 30 mS/m, including dry season values (NRETAS 
2011). More recent measurements have higher dry season EC values; for example 87 mS/m 
was recorded in K4 in 2009 by WRM (2010). 
The gradient from higher to lower salinities from K1 towards K3, observed in each of the 
water quality studies, indicates a diminishing but observable marine influence on water 
salinity up to and including pool K3. This is consistent with observations made using tide 
gauging techniques (Gray & Williams 2006). WRM (2010) reports the ionic composition of 
pools K1–K3 and suggests that the dominance of Na and Cl (80 per cent of total ions) in all 
three pools reflects the influence of the inflow of seawater from tidal movement. In K4, by 
contrast, the dominant ions were Mg and HCO3, with diminished SO4 relative to pools K1–K3, 
indicating no direct seawater influence.  
Water samples obtained from Border Creek during the wet season have much lower EC than 
those obtained during the dry. This pattern, as for the Keep River at K4, probably also 
indicates a greater influence from groundwater contribution (in the small rock pools in the 
lower reaches) or evapo-concentration of remnant wet season run-off sampled during the dry 
season.  
Total dissolved solids (TDS) data shows similar trends to the EC data, exhibiting the 
diminishing marine influence on pool water salinity upstream from K1. Mean TDS is 6–12 
times the value of mean EC, depending on site and season. ANDTVTAs for upland and 
lowland tropical rivers indicate an acceptable EC range of 2–25 mS/m, which is about 
equivalent to 15–175 mg/L TDS. EC and TDS data in Table 2 show that all Keep River sites 
and Border Creek have exceeded the ANDTVTA. Clearly, the marine influence on the salinity 
of pools K1–K3 means that the ANDTVTA may not be appropriate for these pools, 
particularly during the dry season. 
Turbidity and total suspended solids (TSS) in pools K1–K3 are generally low, probably 
reflecting low water velocities and a settled condition within the pools in periods when 
samples were obtained. It may be expected that during tidal periods the turbidity of the pools 
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would increase as water velocities increase in response to tidal movement and fine 
sediments are re-suspended in the water column. From the available data it is not possible to 
determine the magnitude of tidal movement at the time of sample collection. A single, 
relatively high-turbidity sample from the Keep Estuary, which is constantly under tidal 
influence, shows that the pools may periodically become more turbid than the data indicates. 
By contrast, the Keep River at K4 can become highly turbid during the wet season. While 
there is no data available to indicate the turbidity during the wet season in Border Creek, the 
available TSS data indicate that, like the Keep River, it also becomes turbid during wet 
season flows. 
Dry season TN concentrations at all sites are low, with the mean, median and 80th percentile 
in K1, K2, K4 (dry season) and Border Creek being slightly less than the ANDTVTA of 0.3 
mg/L. The mean and 80th percentile TN values in K3 are slightly higher than the ANDTVTA. 
By contrast, the mean, median and 80th percentile wet season TN values are much higher 
than ANDTVTA.  
Mean, median and 80th percentile dry season TP concentrations in pools K1–K3 are very 
low, equivalent to the ANDTVTA, although the maximum levels recorded in K2 and K3 are 
twice the ANDTVTA. The dry season mean, median and 80th percentile TP values in K4 and 
Border Creek are slightly elevated, being between two and three times the ANDTVTA level. 
Wet season TP concentrations in the Keep River at K4 and in Border Creek can reach 
levels—up to 0.54 and 0.23 mg/L respectively—that imply eutrophic conditions in still water 
bodies (Carlson 1977). 
Table 2 shows that there is large variability in some of the parameters at some of the sites. 
This variability reflects the inherent natural variability in flow and tidal influences, both of 
which require better resolution and characterisation in order to set appropriate TVs. Table 2 
also indicates that the ANDTVTA may not be the appropriate standard for the Keep River 
and Border Creek, particularly for nutrients during wet seasons and salinity during dry 
seasons. However, while the data indicates that ANDTVTA may not be appropriate, both the 
paucity of data for some water quality parameters at some sites and the somewhat ad hoc 
nature of some previous data collection programs indicate that the available data is not ideal 
for deriving firm site-specific TVs.  
In addition to the main water quality parameter data summarised in Table 2, Appendices A to 
F present the results of other analyses undertaken on water samples from the lower Keep 
River area. These include concentrations of nutrient species, major anions and cations, 
metals, hardness, alkalinity and dissolved oxygen content. While data for many of these 
parameters has been collected even less frequently than the parameters summarised in 
Table 2, they provide a useful basis with which to compare data collected in the future. 
No farm chemical (or other toxin) concentration data has been collected for the Keep River or 
Border Creek, however it is unlikely farm chemicals are present given there is no agricultural 
development in these catchments.  
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3. Methodology  
Pool and GS sampling, logger and autosampler locations are shown in Figure 3, with the 
sample site coordinates listed in Appendices A to F. 
The Border Creek and Keep River GS stage and flow relationship data was collected for low 
to moderate flows up to 2.5 m of stage, with the relationship for higher stages being 
theoretically based on a cross-sectional profile at both sites (NRETAS 2011). The Keep River 
gauge is located in the K4 permanent pool, while the Border Creek gauge is located in a 
shallow ephemeral pool in the stream bed. At both sites, the stage at cease to flow is 
variable because it is determined by the natural elevation of the stream bed at the outlet of 
each pool. The outlet level can be affected by deposition and/or erosion at both sites. At the 
Border Creek GS a small metal weir that was installed when the GS was constructed is 
corroded and has been partially covered with sediment. The Keep River GS cease to flow is 
a rock bar just upstream of the Legune Road crossing. Build up of vegetation and other 
debris can affect the flow of water across the outlet when water levels are low. However, the 
resultant inconsistencies in the stage to flow-rate relationships are only likely to be significant 
at very low stages and flow rates of less than 0.1 m3/s. 
The Ivanhoe Weather Station data (DAFWA 2011, source: Bureau of Meteorology) was used 
to determine evaporation rates in the area. Local rainfall data (see also Appendix G) was 
from the Keep River and Border Creek GSs (NRETAS 2011). 
3.1 Manual sampling  
Samples for physico-chemical analysis were collected in new plastic 0.5 L bottles that were 
rinsed immediately prior to collection with sample water to minimise the risk of contamination. 
Samples were collected from a depth of about 0.5 m, within two metres from the edge of the 
pool. Sampling locations were near the datalogger positions. Samples were kept cool in the 
field and frozen each evening upon return to base, before dispatch by air freight to the 
laboratory for analysis. A helicopter was used to access pool K1, Border Creek and the Keep 
Estuary (about two kilometres downstream of pool K1) on 15 February 2011 to obtain water 
samples from these locations under wet season flow conditions. 
In addition, K4 was sampled for analysis of metals, hardness, alkalinity, dissolved oxygen, 
and dissolved organic carbon (1 September 2010), and for agricultural chemicals (7 
December 2010). The metals sample was filtered (0.45 µm cellulose acetate filter) into an 
acid-washed plastic bottle, acidified with nitric acid to pH 1–2 and then kept chilled. The 
agricultural chemicals sample was collected in an opaque glass, acid-washed bottle and kept 
chilled. The hardness and alkalinity sample was filtered and kept chilled in a rinsed plastic 
bottle. Occasional in situ field measurement of pH, EC, temperature, dissolved oxygen and 
turbidity was also undertaken using portable meters.  
3.2 Dataloggers  
Ceradiver® (Schlumberger Pty Ltd) combined depth/EC/temperature recording dataloggers 
were installed in pools K1–K4 and Border Creek. The loggers were placed inside steel 
shrouds affixed to steel posts in relatively deep water locations. They were positioned so that 
they were accessible from the bank and downstream of rock outcrops or large anchored tree 
trunks (for protection from damage from debris carried in floodwaters). Logger locations are 
adjacent to the Keep River (K4) and Border Creek GSs, and in the approximate longitudinal 
centre of each of the K1–K3 pools. They are installed so that the sensors are about 0.5 m 
below the base water levels in pools K1–K3; 0.2 m below the baseflow level in K4; and 0.2 m 
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below the cease-to-flow level in Border Creek. The position and elevation of each logger was 
surveyed using a differential GPS by Survey North (Pty Ltd) in November 2011. 
Water level, EC and temperature were logged every hour. Each time the dataloggers were 
visited, the water depth relative to the sensor was measured and a sample obtained for EC 
determination. This data was subsequently compared to the datalogger data to verify the 
accuracy of the latter. 
3.3 Wet season autosampling  
Wet season flow-proportional sampling on the Keep River and Border Creek commenced at 
the start of November 2010. Sigma® (Hach Pty Ltd) brand (Model 900MAX) autosamplers 
equipped with integral electronic water level, velocity and EC recorders were used, in 
combination with the electronic gauging equipment maintained by NRETAS, the Ceradiver® 
dataloggers, and fixed staff gauges for calibration of water level and EC. Sampling locations 
(Figure 3) were the NRETAS gauging stations GS 8100225 and GS 8100106.  
Sensors were placed 0.2 m below the baseflow level in K4 and 0.2 m below the cease-to-
flow level in Border Creek. The autosamplers were strapped to the GS steel towers about 
eight metres above the cease-to-flow levels to minimise the risk of inundation by floodwaters 
(Figure 6). Auxiliary, submersible pumps were installed in the autosampler pump suction 
lines so that water could be pumped up to the autosampler during periods when water levels 
were relatively low. The autosamplers measured water level, velocity and EC every five 
minutes and logged the average of each every hour. 
 
Figure 6 Autosampler strapped on top of the lower cabinet of the Keep River NRETAS gauging station 
The autosamplers were initially programmed to sample at a rate of one 0.7 L sample per 
millimetre of discharge with a timed override of 1 sample per week (provided there was flow). 
The stage to flow rate relationships used were those defined by NRETAS for the GSs. 
Mercuric chloride was added to the empty autosampler bottles, at the equivalent rate of 400 
mg/L of sample, to minimise sample nutrient degradation by biological processes during the 
intervals between collection, retrieval and analysis. Mercuric chloride has been used 
extensively as a water sample N and P fixative in situations where samples are required to 
be stored for up to 100 days without refrigeration (Krawczyk 1975). A helicopter was used to 
access the sites and retrieve the samples on 15 February 2011 and reconfigure the 
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autosamplers to continue sampling at a rate of 1 sample every 3 days until final collection in 
mid May. Samples were transported by air freight to the laboratory for physico-chemical 
analysis. 
3.4 Sample analysis 
Sample analyses were undertaken by the Chemistry Centre of WA (the oldest NATA 
accredited facility in Australia and certified to AS/NZS ISO/IEC 17025:2005), which has an 
extensive range of accredited chemical and forensic science tests, including all analyses 
performed for this study. The list of regular analytes, their abbreviations and the analysis 
method appear in Table 3.  
Table 3 List of analytes and their analytical method 
Analyte Abbreviation Filtered* Method 
pH pH Y Electronic probe 
Electrical conductivity EC Y Electronic probe 
Total dissolved solids
ψ
 TDS Y Mass of evaporated filtrate 
Total suspended solids
ψ
 TSS Y Dry mass of filtered residue  
Total nitrogen
ψ
 TN N 
Persulphate digestion, cadmium reduction, 
colorimetric reaction and FIA 
Nitrate nitrogen NO3 N Y Cadmium reduction, colorimetric reaction and FIA 
Nitrite nitrogen NO2 N Y Colorimetric reaction and FIA 
Oxidised nitrogen NOx N Y Calculation: NO2 N + NO3 N 
Ammonium NH3/4 N Y Colorimetric reaction and FIA 
Total soluble nitrogen TSN Y 
Persulphate digestion, cadmium reduction, 
colorimetric reaction and FIA  
Total organic nitrogen TON  Calculation: TN – (NOx N + NH3/4 N) 
Soluble organic nitrogen SON  Calculation: TSN – (NOx N + NH3/4 N) 
Total phosphorus
ψ
 TP N Persulphate digestion, colorimetric reaction and FIA 
Total reactive phosphorus
ψ
 TRP N Phosphate (PO4) P by colorimetric reaction and FIA 
Soluble reactive phosphorus SRP Y Phosphate (PO4) P by colorimetric reaction and FIA 
Total soluble phosphorus TSP Y Persulphate digestion, colorimetric reaction and FIA 
Total particulate phosphorus TPP  Calculation: TP – TSP 
Soluble organic phosphorus SOP  Calculation: TSP – SRP 
Total organic phosphorus
ψ
 TOP  Estimated by calculation: TP – TRP 
Sulphate sulphur SO4 S Y ICPAES 
Chloride
ψ
 Cl Y Colorimetric reaction and Discrete Analyser 
Calcium Ca Y ICPAES 
Potassium K Y ICPAES 
Magnesium Mg Y ICPAES 
Silica SiO2 Y ICPAES 
Sodium
ψ
 Na Y ICPAES 
* Filtered through 0.45 µm cellulose acetate filter paper 
Ψ
 Analysis undertaken on samples collected from autosamplers 
FIA Automated Flow Injection Analysis Colorimeter 
ICPAES Inductively Coupled Plasma Atomic Emission Spectroscopy 
The analytes in the additional samples for metals and agricultural chemicals are listed in 
Appendices H and I. Metals analysis was by Inductively Coupled Plasma Atomic Emission 
Spectroscopy (ICPAES) and agricultural chemicals by Liquid Chromatography Tandem Mass 
Spectrometry (LCTMS) and Gas Chromatography Electron Capture Detection (GCECD). 
The analysis for total reactive phosphorus (TRP) allows for the estimation of total organic 
phosphorus (TOP) by calculation. The data for both these forms of phosphorus should be 
considered an estimation as TRP analysis is imprecise on two main counts. Firstly, it is 
undertaken on an unfiltered and undigested sample in which suspended particulates can 
block or scatter the light used in the FIA colorimetric detection process. Secondly, the TRP 
analysis determines only readily available reactive phosphorus and does not account for 
inorganic forms of P that may be sorbed onto suspended particles in the sample. Both of 
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these causes of possible underestimation of TRP concentration will also result in a 
corresponding overestimate of TOP (Worsfold et al. 2008). It was not possible to determine 
the degree of colorimetric attenuation, or the concentration of inorganic phosphorus sorbed 
onto particulates, in each sample. 
All data statistical analysis was undertaken using Microsoft Excel®. During statistical analysis, 
concentrations that were below the LOR were assigned the LOR value. Data below the LOR 
was not used in the calculation of the proportions of nutrient species. 
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4. Results 
4.1 Water quality data  
Table 4 summarises the major water quality parameters of pH, electrical conductivity (EC), 
total dissolved solids (TDS), turbidity, total suspended solids (TSS), total nitrogen (TN) and 
total phosphorus (TP) from the data collected during 2010–11, separated (where sufficient 
data is available) into wet and dry seasons. In Table 4, data that are outside of ANDTVTA 
specifications appear in red. In summary, data that exceed ANDTVTA include the: 
 maximum pH at all sites (wet and dry seasons) 
 mean, median and 80th percentile pH of pools K1–K3  
 80th percentile pH of Border Creek in the dry season 
 maximum EC of pools K1–K4, the Keep River (wet season) and Border Creek (dry 
season) 
 mean, median and 80th percentile EC for pools K1–K4 
 80th percentile EC of the Keep River (wet season) and Border Creek (dry season) 
 maximum TN and TP of all sites (wet and dry seasons) 
 80th percentile TN of all sites (wet and dry seasons) 
 mean TN at the Keep River and Border Creek (both seasons) 
 median TN of Keep River (wet) and Border Creek (both seasons) 
 mean TP at all sites  
 median TP of the Keep River and Border Creek (both seasons) and pool K2 
 minimum TP of Keep River and Border Creek in the wet season. 
At K4, wet season EC values are about one half of those in the dry season, which has a 
maximum EC of 66 mS/m. The gradient from higher to lower salinities from K1 towards K3 
noted in previous studies is also evident in the 2010–11 data. Border Creek also continues to 
have a much lower EC during the wet season than the dry. TDS data shows similar trends to 
the EC data, exhibiting the diminishing marine influence on pool water salinity upstream from 
K1. TDS was consistently (R2 = 0.9931) about six times the value of EC across all sites and 
during both seasons in 2010–11 (Figure 7). 
The limited turbidity data (collected only during the dry season), is consistently very low and 
well within ANDTVTA specification. However, the TSS of the Keep River in the wet season is 
much higher (the median is about seven times higher) than it is during the dry season, 
indicating that wet season turbidity would also be correspondingly much higher than the dry 
season data indicate. The dry season TSS data for Border Creek in Table 4 is affected by a 
single, very high TSS sample obtained at the start of the dry season under low flow 
conditions, and therefore could be due to localised cattle disturbance of the creek bed. If this 
sample is ignored, the relative wet and dry season differences in TSS in Border Creek are 
similar to those of the Keep River.  
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Figure 7 Relationship between EC and TDS from all sites during 2010–11 
TN and TP concentrations within Keep River and Border Creek are markedly higher during 
the wet season than the dry season. The median and 80th percentile wet season TN 
concentrations are between about five and eight times higher than those during the dry 
season. The Keep River median and 80th percentile TP concentrations are about four and 
seven times higher, respectively, in the wet season than the dry. In Border Creek the 
difference is not as large, with median and 80th percentile TP concentrations being about 
twice as high during the wet season. 
A sample obtained from Border Creek on 18 March 2011, when the flow rate was about 60 
m3/s, had extreme TN and TP concentrations of 43 and 9.8 mg/L respectively. The reason for 
the extreme levels is unknown, although it is possible it came from a discrete plume of water 
that was affected by decaying animal or plant matter. Samples obtained three days prior and 
four days after this sample had more typical concentrations of TN and TP.  
Soluble reactive phosphorus (SRP) values were always at or below the LOR (0.01 mg/L) at 
all sites except for two occasions at Border Creek—the sample with extreme TP on 18 
March, and a 0.18 mg/L concentration recorded from a sample collected on 18 May. The 
NH3/4 N and NO3 N concentrations were always at or below the LOR (0.01 mg/L) at all sites 
in 2010–11. Chlorophyll-a analysis was not undertaken during the 2010–11 program.  
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Table 4 Summary of selected water quality parameters during 2010–11, observed from the Keep Estuary, 
Keep pools, Keep River and Border Creek (red font indicates exceedance of ANDTVTA) 
Site   
Keep 
Estuary 
K1 K2 K3 K4 
Keep  
River (K4)  
Border 
Creek 
Border 
Creek 
Season   Dry Dry Dry Dry Dry Wet Dry Wet 
pH Mean  8.13 8.59 8.55 7.93 7.10 7.61 6.42 
 Median  8.20 8.58 8.55 7.90 6.90 7.75 6.30 
 Maximum  8.60 8.90 8.90 8.70 8.70 8.50 8.30 
 Minimum  7.10 8.30 8.00 7.50 5.70 6.70 5.40 
 80
th 
percentile  8.48 8.70 8.78 8.00 7.90 8.20 6.92 
  No. samples 0 7 6 7 11 46 8 23 
EC (mS/m) Mean 4045 2087 789 125 45 19 27 12 
 Median 4045 2410 803 124 42 17 25 10 
 Maximum 4390 3950 1790 249 66 33 68 43 
 Minimum 3700 77 20 15 29 7 13 5 
 80
th
 percentile 4250 3340 1360 178 56 30 28 14 
  No. samples 2 12 11 12 12 46 12 47 
TDS (mg/L) Mean  14944 5201 706 223 118 133 87 
 Median  17000 4100 890 220 120 130 70 
 Maximum  26000 11000 1200 300 200 170 290 
 Minimum  400 130 96 170 38 84 29 
 80
th
 percentile  18400 9200 994 264 170 162 120 
  No. samples 0 9 8 9 9 45 10 44 
Turbidity (NTU) Mean  1 2 4 7  4  
 Median  2 2 4   3  
 Maximum  2 3 5   7  
 Minimum  1 2 4   2  
 80
th
 percentile  2 2 5   5  
  No. samples 0 5 5 5 1 0 4 0 
TSS (mg/L) Mean  56 82 27 44 625 423 137 
 Median  52 54 26 27 190 66 86 
 Maximum  110 170 39 85 3400 2000 770 
 Minimum  11 23 17 15 46 31 16 
 80
th
 percentile  99 124 31 72 1400 340 156 
  No. samples 0 4 3 4 7 43 6 47 
TN (mg/L) Mean  0.25 0.20 0.24 0.39 3.46 0.48 4.72 
 Median  0.20 0.13 0.21 0.21 1.15 0.31 1.90 
 Maximum  0.39 0.43 0.64 1.00 32.00 1.20 43.00 
 Minimum  0.17 0.08 0.09 0.06 0.32 0.12 0.30 
 80
th
 percentile  0.37 0.32 0.30 0.75 6.40 0.89 4.58 
  No. samples 0 9 8 9 9 46 10 47 
TP (mg/L) Mean  0.01 0.02 0.01 0.03 0.13 0.04 0.29 
 Median  0.01 0.02 0.01 0.04 0.08 0.04 0.07 
 Maximum  0.02 0.02 0.02 0.07 0.51 0.08 9.80 
 Minimum  0.01 0.01 0.01 0.01 0.02 0.01 0.02 
 80
th
 percentile  0.01 0.02 0.01 0.04 0.27 0.05 0.10 
  No. samples 0 10 5 9 9 46 10 47 
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On 15 February 2011, when samples from the estuary, K1 and K4 were obtained, the Keep 
River was flowing moderately (about 100 m3/s, recorded at the GS). The water quality data 
obtained from these samples is shown in Table 5. The water quality at each of the sites is 
similar, particularly at K1 and K4. The water quality at the estuary, while slightly more saline 
than the upstream pools, is fresh and more like the river upstream than the marine 
characteristics it displays during the dry season. The pH, TN and TP of the estuary sample 
exceed the ANDTVTAs for marine waters. 
Table 5 Water quality of the Keep Estuary and pools K1 and K4, 15 February 2011  
Site pH EC (mS/m) TDS (mg/L) TSS (mg/L) TN (mg/L) TP (mg/L) 
Estuary 8.70 18 100 150 0.38 0.05 
K1 8.30 9 54 53 0.37 0.03 
K4 8.30 8 52 74 0.32 0.02 
The water sample collected from K4 on 7 December 2010 was analysed for the agricultural 
chemicals Aldrin, Atrazine, Dieldrin, Diuron, Endrin, Hexazinone, Lindane, Methoxychlor, 
Metolachlor, Simazine, Total endosulfan, alpha-Endosulfan, beta-Endosulfan and Endosulfan 
sulphate. None of these chemicals was found at concentrations at or above the LOR (see 
Appendix I).  
In a sample obtained from K4 pool on 1 September 2010, no metal was detected at a 
concentration above the ANZECC & ARMCANZ (2000) ‘99% species protection level’ 
concentration for freshwater for those metals with a defined protection concentration. Metals 
data is presented in Appendix H. 
4.1.1 Nutrient species 
The proportions of the major components of TN and TP were calculated from the entire 
nutrient species concentration data (Appendices A–F). Wet and dry season average 
proportions are shown in Figures 8 and 9 respectively.  
 
Figure 8 Average proportions of the main constituents of nitrogen and phosphorus in Keep River (K4) and 
Border Creek during wet seasons 
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Figure 9 Average proportions of the main constituents of the total nitrogen and phosphorus in pools K1–
K4 during dry seasons 
Total organic nitrogen (TON) is the dominant component of TN at each site, in both wet and 
dry seasons, comprising about 90 per cent of the TN. About half of the TN is in the soluble 
form (TSN), which suggests that about half of the TON is also in the soluble form. The 
oxidised forms of nitrogen (NOX) and the ammonia/ammonium (NH3/4) forms comprise a very 
low proportion (less than 10 per cent) of the TN, with their concentrations typically being 0.01 
mg/L (median of all data). There are no significant differences (at the 95 per cent level of 
confidence) between sites or seasons for each of the nitrogen species.  
In the wet season Border Creek has a significantly lower (at the 95 per cent level of 
confidence) proportion of SRP than does the Keep River. For each other phosphorus species 
there is no significant difference between sites or seasons. Total particulate phosphorus 
(TPP), a combination of organic and mineral forms, comprises more than half of all of the 
phosphorus and predominates over soluble forms. At each site the proportions of total 
soluble phosphorus (TSP) and soluble reactive phosphorus (SRP) are similar and either 
equal to, or lower than, the proportion of total reactive phosphorus (TRP). This pattern 
indicates that the soluble phosphorus components are predominantly composed of the 
reactive mineral (phosphate) forms. The estimate of organic phosphorus (TOP) indicates that 
over half of the TP within Border Creek, Keep River and K1 pool could be organic in form, 
although this is likely to be an overestimate. Soluble organic phosphorus (SOP) comprises 
an insignificant proportion (less than 5 percent) of the TP. 
4.2 Tide and flood effects 
4.2.1 Keep River, pool and Border Creek water levels 
Figure 10 shows the tide height recorded at Wyndham (Department of Transport, Fremantle; 
data accessed June 2011) together with the water level elevations from dataloggers (m AHD) 
of the K1–K4 pools, plus the water elevation at the Border Creek gauging site, June 2010 to 
June 2011. 
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Figure 10 Water levels in Keep River pools and Border Creek and the tide height recorded at Wyndham 
(tide data supplied by the Department of Transport, WA) 
Under dry season river conditions (before December 2010 and after April 2011 in Figure 10), 
when there is minimal input from catchment run-off, the base water levels of pools K1–K3 are 
similar; confirming that they are a series of pools separated by slightly elevated rock bars. 
Water level responses in the K1–K3 pools during periods when there is no run-off indicate a 
tidal effect is causing the rock bars to be overtopped. The water levels in pools K1–K3 all 
respond whenever the tide height at Wyndham exceeds about 8.1 m, whereas only pools K1 
and K2 are affected by tide heights between about 8.0 and 8.1 m. Tide heights below about 
8.0 m have no affect on any of the pools. Peak tide height in K1 is reached about 2 hours 
after Wyndham, in K2 about 1 hour after that, and K3 about another hour thereafter, although 
these delays may vary depending on other factors such as wind conditions and the tide 
duration. As a result of the delays, the tide at the lower end of K1 has often started to fall at 
the time that the tide at K3 pool is peaking. 
A tide height of 8.1 m causes a corresponding tidal forcing of water levels of about 0.7, 0.6 
and 0.5 m elevation in pools K1, K2 and K3 respectively. Given that pools K1, K2 and K3 
have surface areas of about 500 000, 107 000 and 83 000 m2 respectively (Table 4), tides 
above 8.1 m cause at least 350 000 (K1), 64 000 (K2) and 42 000 (K3) cubic metres of water 
to be exchanged in each pool. Based on the estimated pool volumes at base water level 
(Table 6), this equates to more than about 39 (K1), 30 (K2) and 13 (K3) per cent of the pool 
volumes being exchanged during each tide above 8.1 m height. It is emphasised that the 
pool volumes used in the above estimations are based on estimates of pool depths using the 
very limited bathymetric data available. For detailed hydrodynamic modelling of the lower 
Keep River system to be undertaken, comprehensive bathymetric surveys are required as a 
priority. 
Response in the four pools can be variable and dependant on both tide and variable 
localised run-off. Highly localised thunderstorms that may produce localised intense rainfall 
and run-off are common in the area, especially during the ‘build up’ to the wet season. For 
example, on several occasions during the ‘build up’ to the 2010–11 wet season, the water 
level in the pools rose independently of the tide cycle.  
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On 15 October 2010 water levels in pools K1–K3 rose briefly (point ‘X’ in Figure 10) in 
response to the first flow of the wet season from Border Creek (86 mm of rain recorded over 
the preceding five days at the Border Creek GS). During the same period water levels in K4 
did not respond, presumably because the 25 mm of rainfall recorded at the K4 GS was 
insufficient to generate any significant run-off. In response to the flow from Border Creek, the 
EC of K3 did not change substantially (Figure 11), indicating only minor dilution from a 
relatively small volume of water. By contrast, over the same period the EC in pools K1 and 
K2 reduced substantially, indicating that there was much greater dilution, presumably caused 
by more substantial rainfall and run-off localised to the catchments for these pools. A similar 
localised response occurred again on 26 October, with a small temporary rise in the level of 
pools K1–K3 and corresponding reduction in EC, even though there was no flow event in 
either Border Creek (4 mm of rain recorded) or K4 (15 mm of rain recorded).  
Table 6 Dimensions of the Keep Estuary (K0) and Keep River pools (K1–K4) 
Pool 
Length  
(m)
*
 
Surface area  
(m
2
)
*
 
Average depth at  
base water level (m)
α
 
Maximum depth at 
base water level
 
(m)
 α
 
Volume at base  
water level
 
(m
3
)
β
 
K1 7400 500 400 1.8 3.8 900 700 
K2 1900 107 400 2 2.9 214 800 
K3 2300 83 200 3.9 5.5 324 500 
K4 1800 26 500 2.0 4.0 53 000 
K0
¥
 27400 21 486 000 2.0 4.0 42 972 000 
* Estimated using GIS and scaled aerial photography 
α
 Estimated based on very limited bathymetric measurements from Gray & Williams (2006), op. cit. in Ticknell et 
al. (2006) 
β
 Calculated from surface area and average depth estimates 
¥ 
K0 extent defined as from the rock bar below K1 into the confluence with Sandy Creek 
The overflow level (about 5.2 m AHD) of pool K4 is about two metres above the K1–K3 base 
water level and so is not influenced by tidal variation. The first significant run-off through pool 
K4 commenced on 1 November 2010 (point ‘Y’ in Figure 10) in response to 62 mm of rainfall 
during the previous two days. This run-off event raised water levels in K1–K3 by up to 0.7 m 
and lasted for eight days before the flow rate at K4 reduced to baseflow conditions (about 
2500 m3/d). The event produced about 3 400 000 m3 of streamflow at the GS.  
During subsequent wet season run-off, flows through K4 corresponding to stage heights 
greater than about 6.2 m AHD (i.e. about 0.8 m above baseflow level) completely dominate 
tidal influence in the lower pools. For example, the large run-off event peak on 22 February 
2011 corresponds to water elevations of 7.5 and 10 m in pools K1 and K3 respectively, 
indicating that the river level is between 4 and 6.5 m above the pool base water level. 
4.2.2 Keep River, pool and Border Creek EC 
High intensity EC data recorded by the dataloggers in pools K1–K3 show that the EC of 
pools varies rapidly in response to tides and the onset of wet season flows (Figure 11). In K1, 
EC varies between 6 and 5038 mS/m, in K2 between 18 and 3624 mS/m and in K3 between 
5 and 651 mS/m. This data shows much larger variability and range than does the sample 
data (Tables 2 and 4) which has EC ranges of 9–3950, 20–1790, and 15–249 mS/m for K1–
K3 respectively. 
Tidal influence on EC is clearly evident during and between the first two tide cycles that 
affect the pool water levels. In K1 and K2 the EC levels increase rapidly with the incoming 
tide and then reduce with the outgoing tide as tidal forcing pushes and pulls the body of 
water past the logger locations. In the period between the two tide cycles, the EC gradually 
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increases as the residual higher EC water (remaining at the lower end of each pool at the 
end of the tide cycle) gradually mixes and/or diffuses throughout each pool. 
 
Figure 11 EC recorded by dataloggers in pools K1–K3, Keep River flow rate recorded at K4 GS, and tide 
height recorded at Wyndham (tide data supplied by the Department of Transport, WA) 
The large EC variations evident in K1 and K2 during each tidal cycle are not evident in K3. 
This is probably because the inflowing slug of tidal water does not reach the logger location 
(see Table 6). However, during the subsequent non-tidal period the EC of K3 gradually 
increases indicating that a residual quantity of higher EC water remains at the lower end of 
the pool after the tide, and then mixes and/or diffuses throughout the pool. 
On 1 November the EC of all pools fell substantially as a result of the first significant wet 
season run-off flow event in the Keep River. During this event, the EC of K1, K2 and K3 was 
reduced to 25, 19 and 14 mS/m respectively, indicating that the pool system was completely 
flushed by the 3 400 000 m3 of flow recorded. 
The EC of K1 increased incrementally during the next three tide cycles before falling rapidly 
with the onset, in January, of consistent Keep River flow which lasted for the remainder of 
the wet season. The K2 logger malfunctioned in December 2010 resulting in a loss of data 
for the remainder of the period. The EC of K3 remained below 76 mS/m after 1 November, 
indicating that there were no subsequent tide-induced effects on EC. 
Figure 12 shows the flow rate and EC recorded at the K4 and Border Creek gauging 
locations. During the June to September period, when there is only baseflow into K4, EC 
gradually increases to about 60 mS/m, where it appears to plateau. The increase could be 
caused by evaporative concentration, or an increase in the proportion of more saline 
groundwater (as the groundwater replaces the lower EC water remaining in the pool after the 
preceding wet season), or a combination of both. A simple water balance suggests that 
baseflow (2500 m3/d) is the dominant source, as evaporation loss (assuming an average 
evaporation rate of 7.5 mm/d during dry season over the 26 500 m2 pool area; Table 6) can 
account for only about 250 m3/d, or 10 per cent of the volume replaced by groundwater 
inflow.  
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Figure 12 EC and instantaneous flow rate recorded at hourly intervals by dataloggers in Keep River (K4) 
and Border Creek  
The EC stabilises at about 60 mS/m after September because by then all the residual wet 
season water has been replaced by groundwater. Evaporative concentration would then only 
cause minor further increases in EC. The EC of K4 water increases rapidly at the start of the 
2011 dry season, as soon as run-off ceases, but at a much higher rate than during the June 
to September 2010 period. An initially high then diminishing rate of EC increase under these 
conditions is also consistent with residual low EC (7 mS/m) wet season water being replaced 
by groundwater that has a relatively high EC. 
For Border Creek, EC data that coincides with periods of no flow (determined by comparing 
the water height recorded at the sensor with the height of the pool outflow) was removed 
from the EC trace shown in Figure 12. In comparison to K4 and other pools, Border Creek 
had a relatively consistent EC, remaining between 5 and 19 mS/m throughout the period. 
Figure 13 shows that the pool water temperature has a large (10–15 oC) seasonal variation. 
It also has large intra-seasonal variation (5–10 oC), probably in response to flow and tide 
induced mixing of temperature stratified layers. Diurnal variation is in the range of 1–5 oC. 
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Figure 13 Pool water temperature recorded by dataloggers in Keep River 
4.2.3 Wet season run-off characteristics of Keep River and Border Creek  
The flow characteristics of Keep River and Border Creek for the 2010–11 wet season are 
shown in terms of cumulative millimetres of discharge (normalised for catchment area) in 
Figure 14. Discharge over the wet season from the Keep River was 396 mm, compared to 
524 mm from Border Creek. Rainfall recorded at the Keep River GS during this period 
totalled 1641 mm, much higher than the long-term average of about 1000 mm. The Border 
Creek catchment had a somewhat delayed response in the early wet season, probably 
because it has a larger proportion of floodplain landforms that have a higher run-off 
threshold. However, once this threshold was reached, discharge rates increased to above 
those of the Keep River, resulting in a higher overall wet season run-off rate. Over the wet 
season 528 GL was discharged from Border Creek compared to 1390 GL from the Keep 
River. Maximum flow rates were 497 and 337 m3/s in Keep River and Border Creek 
respectively.  
Figure 14 also shows the TP and TN concentrations recorded at each site from June 2010 to 
2011. Data from a sample obtained from Border Creek on 18 March 2010 (see Section 4.1) 
that had extreme TN and TP concentrations is not shown. While TP concentrations are low 
initially (although higher than the ANDTVTA value of 0.01 mg/L), they rapidly increase with 
the onset of the wet season at both sites. TP concentrations in the Keep River remain 
consistently very high (median of 0.21 mg/L) for the first half of the wet season, coinciding 
with about 60 mm of total run-off. From February onwards they reduce to a median 
concentration of 0.04 mg/L. Border Creek does not have such a pronounced initial period of 
high TP concentration, with concentrations remaining at more uniform levels (median of 0.07 
mg/L) for most of the wet season. In both catchments TP concentrations can reach extreme 
levels of around 0.4 mg/L.  
Similarly, TN concentrations were low at the commencement of the wet season and rise 
abruptly with the first significant run-off. In Border Creek TN concentrations gradually decline 
from March onwards, reaching 0.45 mg/L by the end of the wet season. In the Keep River TN 
concentrations are extreme (median 5.3 mg/L) for the first half of the wet season then decline 
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to 1 mg/L at the end of the wet season. By late May the TN concentration of the baseflow is 
0.21 mg/L.  
Keep River 
  
Border Creek 
  
Figure 14 Cumulative discharge and comparative TN and TP concentrations in Keep River and Border 
Creek, June 2010 to June 2011 
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5. Discussion  
5.1 Wet season influence 
There are sparse published wet season nutrient concentration data available for Northern 
Australian tropical rivers that have undeveloped (rangeland) catchments. Butler’s (2008) 
review of the availability of nutrient data for the top end (WA, NT, Qld) observed that very 
little useful data exists in state government databases. The reason for the paucity of data 
was explained in terms of the difficult logistics involved in data collection plus the limited 
relevance (in terms of river ecology) that this data may have given the rapid, high volume 
and turbid wet season flows in northern rivers. Butler (2008) also suggested that ANZECC & 
ARMCANZ (2000) guidelines may have little relevance under wet season conditions in 
tropical rivers and states (p. 33): ‘In these systems, it is extremely difficult and often 
logistically impossible to obtain ecologically meaningful estimates of nutrient loading, and 
even more difficult to see how this information could be used to accurately predict ecological 
outcomes.’ 
Bartley & Speirs (2010) collated Australia-wide run-off, concentration and constituent load 
data that were collected under run-off event conditions in areas that have a single land use 
(or major part of the contributing area under one land use). In compiling this data, Bartley & 
Speirs (2010) noted that the majority of available water quality data represents baseflow 
conditions, probably because this is the simplest to collect. Most event data was collected 
over short durations and historically had not been considered part of routine monitoring 
programs. As a result, event monitoring has mainly been carried out by research groups and 
the data written into journal papers and reports rather than deposited on centralised 
government databases. 
However, Bartley & Speirs (2010) did review event-based nutrient and TSS data obtained 
from catchments in the tropics (e.g. Upper Mossman River and Upper Burdekin catchment) 
that had a landuse similar to that of the Keep River catchment—predominantly cattle grazing 
natural pastures. They report that wet season TN, TP and TSS concentrations are generally 
much higher than under baseflow (or dry season) conditions and can fluctuate widely 
between (and within) seasons. Early wet season concentrations were generally higher and 
more variable than mid or late wet season concentrations. Also, wet season concentrations 
often greatly exceeded ANZECC/ARMCANZ (2000) default guidelines for these catchments. 
Despite the logistical difficulties involved, a wet season water quality sampling program was 
undertaken at the Keep River and Border Creek, as well as a parallel study on the 
agriculturally influenced D4 drain (see Appendix J) for comparison. Figure 15 shows the flow 
characteristics plus the TP and TN concentrations recorded in the D4 drain from June 2010 
to June 2011, for comparison with Figure 14.  
While the discharge characteristics of the agriculturally developed D4 catchment differ from 
those of the rangeland Keep River and Border Creek catchments in the dry season (because 
of discharge of excess irrigation water plus some groundwater occurring in the D4 
catchment), the temporal flow characteristics are very similar during the wet season. 
Comparing the D4 and Keep River catchments’ wet season discharge shows that, even 
given the likely effects of variability in local-scale rainfall intensity, there was similar run-off 
from the developed (394 mm, D4) and the undeveloped (389 mm, Keep River) catchments. 
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Figure 15 Cumulative discharge and comparative TN and TP concentration in the D4 Drain, June 2010 to 
June 2011 
The total wet season discharge from the D4 catchment (size equivalent to four per cent of 
the Keep catchment area) was four per cent of that derived from the Keep River catchment, 
while the total wet season discharge from the Border Creek catchment (equivalent to 22 per 
cent of the Keep catchment area) was about 29 per cent of that derived from the Keep River 
catchment. 
A comparison of the wet season mean, median and 80th percentile TN and TP 
concentrations in the Keep River, Border Creek and D4 Drain catchment is shown in Table 7. 
All sites have much higher mean, median and 80th percentile concentrations than the 
ANDTVTAs. The agriculturally developed D4 catchment has substantially lower wet season 
TN concentrations than does either Keep River or Border Creek. However, NO3 N constituted 
23 per cent of the TN in the D4, significantly higher (at 95 per cent level of confidence) than 
at the rangeland sites. TON was correspondingly significantly lower within the D4. These 
differences in nitrogen species composition probably reflect the widespread use of soluble 
nitrogenous fertilisers on the irrigation land within the D4 catchment. It is interesting that the 
higher nitrogen input rates do not correspond to higher rates in run-off, perhaps indicating 
that denitrification processes are an important loss mechanism in this environment.  
Wet season D4 mean and median TP concentrations are higher than in the rangeland 
catchments, although the D4 80th percentile TP value is similar to that of the Keep River. 
The proportions of each of the phosphorus species are not significantly different between 
catchments.  
Table 7 Mean, median and 80th
 
percentile TN and TP concentrations for the 2010–11 wet season  
 Keep River 
TN (mg/L) 
Keep River  
TP (mg/L) 
Border Ck 
TN (mg/L) 
Border Ck 
TP (mg/L) 
D4  
TN (mg/L) 
D4 
TP (mg/L) 
Median 1.15 0.08 1.90 0.07 0.95 0.14 
Mean 3.46 0.03 4.72 0.29 1.25 0.18 
80th 
percentile  
6.40 0.27 4.58 0.10 1.80 0.29 
In the agricultural catchment, there was no pronounced ‘initial wet season flush’ of nutrients 
observed. If anything, this ‘flush’ was actually far more pronounced from the undeveloped 
Keep River and Border Creek catchments. There was also no ‘first flush’ in the concentration 
of the farm chemicals Atrazine and Endosulfan in the D4 drain. These chemicals were never 
detected (above limit of reporting) in any sample collected weekly from November to 
February. 
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While the D4 data can be used as an indication of what the nutrient concentrations may be 
from the proposed Weaber Plain development, it should be noted that the D4 irrigation area 
has no tailwater management incorporated into its design and so has uncontrolled discharge. 
This is important because the proposed development incorporates on-farm storage of the 
first 25 mm of run-off from each run-off event. As such, the characteristics of the D4 
discharge may be considered a worst case scenario for the proposed development. 
The high nutrient concentrations observed in the run-off from the Keep River and Border 
Creek catchments are at levels that are usually associated with intensified agricultural 
catchments (e.g. DOW 2009). This is perhaps incongruous given that rangeland grazing at 
comparatively low stocking rates is the predominant land use. However, during the latter half 
of the dry season, when the locations where water is available become limited, cattle 
concentrate near remnant water sources, which are mainly located on the floodplains, near 
or even in river or stream beds. These areas then become overgrazed and devoid of 
vegetation cover and have correspondingly high rates of nutrient deposition in dung and 
urine. Consequently they may become nutrient run-off hotspots and, especially given their 
close proximity to stream beds, contribute a disproportional nutrient load into subsequent wet 
season run-off (Weaver et al. 2001). Figure 16 shows a typical area where cattle accumulate 
in the latter half of the dry season. It is devoid of low vegetation and littered with cow dung. 
 
Figure 16 Cattle accumulation area near the Keep River, September 2011 
5.1.1 Nutrient concentrations in the context of the flow dynamics of northern 
tropical rivers 
The annual discharge from tropical rivers has high variability in response to the inherent 
variability in total wet season rainfall and rainfall intensity (Butler 2008). The dynamics of 
nutrient leaching from the catchment (and the nutrient load) is likely to also vary considerably 
in response. The 2010–11 wet season had higher than average total rainfall which led to 
higher than average total run-off. However the maximum rate of run-off was modest 
compared to other years (see Figure 4). Additional monitoring over at least another two wet 
seasons is warranted in order to contextualise the 2010–11 result against other wet seasons 
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that ideally would include average and/or less than average run-off conditions and 
encompass a range of conditions that affect nutrient generation processes. 
Tropical rivers usually flow fast and turbid in the wet season and the Keep River is no 
exception. During the 2010–11 wet season, Keep flow rates exceeded 300 m3/sec, velocities 
averaged approximately 0.6 m/s and turbidity was high with TSS concentrations averaging 
over 1100 mg/L. Butler (2008) reports that similar conditions are the norm in tropical rivers 
across Northern Australia during wet seasons. Importantly, Butler (2008) observes that there 
are three factors that mitigate the otherwise high potential for impacts of high nutrient status 
(or other adverse water quality characteristics of the wet season): water turbidity, which 
severely limits light penetration and prevents algal growth; water velocity, which limits water 
residence time and ensures continuous flushing of the river ecosystems; and annual 
scouring, which effectively resets the ecosystem at the end of each wet season. These 
factors seem to be reflected in the downstream Keep River pools, which effectively disappear 
as ecological entities under wet season flow conditions. Figure 17 shows the lower Keep 
River system at the shared boundary of pools K3 and K2 during moderate flow (100 m3/s) on 
15 February 2011. The water is highly turbid and the pool boundary is completely lost under 
at least two metres of fast flowing water. 
 
Figure 17 Keep River under moderate flow on 15 January 2011, looking downstream across the dry 
season boundary between pools K3 and K2 
Given the high flow, turbidity and nutrient concentration during much of the wet season, the 
addition of a relatively small proportion of discharge from the proposed agricultural 
development (that is likely to have similar physico-chemical characteristics, based on D4 
data), would seem to be of low ecological consequence to the Keep River pools.  
The water quality of the tail of the final wet season flow event is likely to be of much greater 
ecological relevance to the pools over the following dry season. This is because the last 
water may remain in the pools for an extended period during the dry season—barring the 
effects of tidal exchanges and continued inputs from groundwater. Time-series nutrient 
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concentration data indicates that, while concentrations decline over the wet season, they can 
remain elevated in late wet season flows and be of similar magnitude to concentrations in 
flow from areas of developed farmland.  
In order to forecast the effect of the proposed development on water quality in the pools, 
hydrodynamic modelling has been undertaken (GHD 2011b). The modelling was designed to 
indicate the requisite dilution of the proposed farmland-derived wet season run-off with Keep 
River flow. Results showed that the dilution is at least tenfold during most of each modelled 
wet season. While it appears that about 3 400 000 m3 of flow through K4 is enough to 
completely flush all the downstream pools (Section 4.2.2), the limited detailed bathymetric 
data available for the pools and upper estuary means that the resolution of the hydrodynamic 
modelling (in terms of the efficiency of water dilution and mixing) may not be ideal. In 
particular the modelling confidence of simulations under low flow conditions (such as at the 
end of the wet season, or the effect of tidally induced flushing) would be improved with more 
detailed bathymetry. It is therefore recommended that, in parallel with the ongoing water 
quality investigations, additional bathymetric data is also collected. It should be noted, 
however, that during the wet season the need for accurate bathymetry is lower because of 
the dominance of riverine flushing.  
5.2 Tidal influence on K1–K3 pools 
During the 12 month period (June 2010 to June 2011) shown in Figure 10, the tide exceeded 
8.0 m in 19 and 8.1 m in 17 of the 24 tide cycles, indicating that tides may affect the pools 
regularly. There were 128 tides that exceeded 8.0 m and 90 tides that exceeded 8.1 m. The 
maximum interval when tides remained below 8.0 m was 27 days, while the maximum tide 
recorded was 8.7 m.  
 
Figure 18 Mean monthly frequency of tides exceeding 8.0 and 8.1 m at Wyndham over the 2000–2010 
period 
Figure 18 shows the mean monthly frequency of tides exceeding 8.0 and 8.1 m at Wyndham 
for the 2000–2010 period. There are much higher frequencies during the wet season months 
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(November to April), when the tidal effect on the pools is likely to be overcome by the much 
greater flow depth and rate in the Keep River. In the dry season, however, there are many 
tides that are likely to cause water to be exchanged between the ocean, the Keep Estuary 
and the pools. On average, each dry season there are 11.4 tides greater than 8.1 m at 
Wyndham that are likely to force water into pool K3, and 26.4 tides greater than 8.0 m at 
Wyndham that will cause water to be forced into pools K1 and K2. 
Visual observations indicate that the daily tides produce strong currents that continually stir 
the muddy sediments off the bottom of the Keep Estuary and therefore maintain high water 
turbidity. The resultant turbid waters are forced into K1 pool when the rock bar that separates 
it from the estuary is overtopped by incoming tides. These turbid waters can also be forced 
along with the tidal current into K2 pool. Additionally, the current also likely suspends the fine 
sediments off the bottom of both K1 and K2 pools, as the tide both advances and recedes. 
The tide-induced currents can be quite strong, as evidenced by the development of tidal 
bores of up to 0.5 m height in the lower Keep River (Tickell et al. 2006). Figure 19 shows the 
highly turbid water flowing out of K1 pool as the tide receded on 18 May 2011. Although 
limited, the turbidity data from within the upper estuary, K1 and K2 pools has a relatively 
large range of 1–57 NTUs, indicating the potential for large turbidity changes in this region of 
the river. Similarly, TSS data has a relatively large range of 11–170 mg/L (see Table 4).  
The turbidity and TSS data for K3, although limited, is supported by visual observation 
indicating that K3 doesn’t appear to be affected by tide-induced turbidity changes.  
Turbidity data for the Keep Estuary and the K1–K3 pools is limited and has been mostly 
collected ad hoc; it probably doesn’t show the full range of turbidity effects. It is 
recommended that more intensive measurements be undertaken over at least one tide cycle 
to help determine the range of turbidity that may be expected in the pools during dry season 
tide cycles.  
 
Figure 19 Highly turbid water rapids formed as a result of water from K1 pool discharging across the rock 
bar as the tide recedes on 18 May 2011 
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During periods with neither tidal influence nor catchment run-off, such as the 19-day period 
commencing on 11 September 2010 (Figure 10), the base water level in the pools remains 
constant, indicating that groundwater inflow is occurring at least at a similar rate to pool 
evaporation plus any groundwater outflow. Also, pool water levels do not show diurnal 
fluctuation, as would be expected from evaporation of a closed or semi-closed system. 
Although the logger data from 2010–11 has enabled the prediction of tidal effects in the pools 
(based on tide observations and predictions from the Wyndham tide gauge), it is 
recommended that the loggers remain in place for at least a further two years. This will 
strengthen the predictive ability by obtaining data over a wide range of weather conditions 
that may influence the degree of tidal forcing in the estuary and pools. 
5.3 Current and future salinity of K4 pool 
The Keep River GS data and recent monitoring indicate that pool K4 is now permanently 
discharging water into pool K3 during dry seasons. The discharge is a consequence of 
groundwater levels rising about four metres since 1994 in several bores located within a 
seven kilometre radius to the west and south-west of K4 (groundwater data sources: 
NRETAS for pre 2010; this study for unreported 2010–11 observations). Based on the cross-
sections detailed in Humphries et al. (1995), a four metre rise in groundwater level under the 
river bed would mean that the river bed now intersects the watertable under pool K4.  
Rises in groundwater level of similar magnitudes and over a similar timescale in the area 
have been reported in George et al. (2011) and were attributed to the increase in rainfall 
since 1993. The distinct increase in rainfall since 1993 also appears to be reflected in a 
general increase in the dry season stage height of the Keep River at K4, particularly after 
2000 (see Figure 5). 
 
Figure 20 Pool K4 dry season salinity increase over time (TDS calculated by multiplying observed EC by 
6). Data sources: NRETAS, DAFWA and WRM, 2010a. 
All available K4 pool salinity data obtained during periods when the water in K4 pool was 
known to be either at baseline (pre 2000) or baseflow (post 2000) conditions is shown in 
Figure 20. There is an increasing trend in salinity with time described by a statistically 
significant relationship (P < 0.001). Currently we believe the baseflow is comprised of a 
mixture of recharge from the nearby alluvium and groundwater from the deeper 
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palaeochannel aquifer, itself of a lower salinity due to localised recharge processes near the 
Keep River. 
Modelling by KBR (2011) indicates that the relative contributions of these sources to the 
water in K4 pool will change as groundwater heads rise in the surrounding plains and 
pressures increase in the palaeochannel aquifer. Under these conditions pool salinity is 
forecast to increase from its current level of 220 mg/L (42 mS/m) to a value near 900 mg/L 
(150 mS/m).  
KBR (2011) also predicts that baseflow into the Keep River pools will increase by 63 per cent 
over the next 50 years. Depending on the development scenario chosen, agricultural 
development on the Weaber Plain will increase the baseflow by between another 8 and 43 
per cent. Given these projections and the observed trend in K4 TDS already occurring, it is 
likely that the maximum dry season TDS of K4 will continue to increase and eventually 
stabilise at about 900 mg/L, even without agricultural development on the Weaber Plain. It is 
not possible to determine in which year this may occur without additional highly detailed 
investigation and modelling of the river bed conditions and an accurate forecast of future 
rainfall conditions. However once this ‘tipping point’ is reached, at the commencement of 
each dry season K4 is likely to be fresh and then gradually increase in salinity to reach about 
900 mg/L at some stage before the following wet season flush.  
5.4 Basis for continued baseline monitoring program 
Water quality data in Table 4 indicate that the ANDTVTAs set out in Table 1 are not 
appropriate for the Keep River, the Keep River pools or Border Creek. Instead, specific TVs 
need to be developed, for nutrients and salinity in particular, but also for the other important 
water quality physico-chemical parameters as recommended in the ANZECC & ARMCANZ 
(2000) guidelines. The range of data for these parameters—in both the 2010–11 data and 
the historic data (Table 2, Table 4, and Appendices A to F)—indicate that the development of 
site-specific TVs is appropriate for such a naturally dynamic system. 
The use of dataloggers to measure water depth and EC has provided much greater 
resolution of events than was possible with manual sampling of the large and rapid salinity 
and temperature changes that these pools undergo. The wide range and variability of salinity 
data in pools K1–K3, caused by natural tidal and flooding influences, indicate that it is not 
appropriate to classify these pools as lowland river freshwater ecosystems. On the basis of 
salinity, their classification may change from lowland freshwater river to estuary, depending 
on the prevailing seasonal and tidal influences.  
Analysis to date shows that nutrient concentrations are generally much higher during the wet 
season than in the dry season in Border Creek, the Keep River and pools and the D4 drain. 
This suggests that it may be appropriate to develop seasonal TVs from the data, to be 
collected over the next two years of the baseline monitoring program.  
The predominance of organic/particulate nitrogen forms in the wet season (Figure 8) 
suggests that breakdown (by mechanical and biological mechanisms), suspension and 
dissolution of plant material in the catchment are the main mechanisms that supply nitrogen 
to the river water. The primary source of organic nitrogen is likely to be the seasonally 
luxuriant growth of herbage on the floodplains in the wet season, which is consumed by 
cattle (and deposited as dung and urine), or desiccates during the dry season. The similar 
high proportions (albeit at much lower concentrations) of organic/particulate nitrogen in the 
pools during the dry season (Figure 9) indicate that the pools are primarily composed of relic 
wet season flow—at least in the early part of the dry season. There is currently insufficient 
temporal nutrient data to indicate whether there is a trend in nutrient concentration over the 
course of the dry season. Notwithstanding the dilution of the relic wet season water by tidal 
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exchanges and groundwater discharge, there are several other processes that might affect 
the nutrient composition and concentration over the course of the dry season. For nitrogen 
these include denitrification and uptake by aquatic organisms. However, these processes are 
likely to be slow, as most of the nitrogen is in the relatively inert organic/particulate forms 
(Anon. 2007).  
In the Keep River and Border Creek the phosphorus in both wet and dry seasons was 
comprised of about 60 per cent organic phosphorus (Figures 8 and 9). While the calculation 
method used for determining organic phosphorus provides only a crude estimate, it may be 
reasonable to assume—given the high proportion of organic nitrogen in the water—that 
organic phosphorus comprises a substantial proportion of the total phosphorus. 
Unfortunately, accurate determination of TOP in water samples requires either complex 
analytical methods for direct measurement, or filtration and comparative residue extraction 
techniques (Worsfold et al. 2008). These methods were beyond the practical scope of this 
study. 
About 70 per cent of the phosphorus was in the particulate form, likely to be a combination of 
organic particles, soil particles and colloids. A reduction in the particulate proportion in the 
dry season is consistent with settling of the suspended particles under the lower energy 
conditions. The slight increase in the proportion of soluble and reactive phosphorus forms 
during the dry season, accompanied by a sharp decrease in their concentration, probably 
indicates settling of particulates plus the development of more equilibrated solubility 
conditions (Summers et al. 1996).  
By comparison, wet season discharge in the D4 catchment contained significantly higher 
proportions of particulate/organic forms of phosphorus than did dry season discharge, also 
indicating greater suspension of soil and organic particles under the higher energy wet 
season conditions than the more controlled, low energy irrigation tailwater discharges. 
It is recommended that analysis of nutrient species continues during future baseline 
monitoring to provide more information on the reasons for the high concentrations of 
nutrients in the Keep River and Border Creek discharge, and as a basis for quantifying any 
changes after agricultural development occurs. 
No agricultural chemical was detected above the LOR in a sample collected from the Keep 
River in December 2010. This is consistent with there being no agricultural development 
requiring the use of such chemicals currently located within the catchment. Agricultural 
chemical data collected from the D4 Drain discharge since 1998 (Appendix J) indicates what 
may be expected from similar areas of agricultural development.  
Of the 47 agricultural chemicals analysed for (analysis undertaken more than 77 times for 
most chemicals over the period 1998 to 2010) in the D4 discharge, only 3 chemicals were 
detected at levels above the limit of detection/reporting. Atrazine was detected in 38 samples 
of 77 analysed and Endosulfan in 13 of 88. For Atrazine, 13 of the 38 detections were above 
the ANZECC/ARMCANZ (2000) ‘99 % species protection level’ guideline concentration (0.70 
µg/L), while Endosulfan exceeded its level (0.030 µg/L) in 9 out of the 13 detections. The 
median concentrations of both chemicals were below the ANZECC/ARMCANZ (2000) 
guidelines. Chlordane, the third chemical detected, was detected once in 77 samples at a 
concentration of 0.03 µg/L—equal to the ANZECC/ARMCANZ (2000) ‘99 % species 
protection level’ concentration. 
On the basis of the D4 data, Atrazine is likely to be an appropriate ‘marker’ for farm chemical 
run-off. It is therefore recommended that samples continue to be collected from the Keep 
River and Border Creek over the baseline monitoring period and be analysed for Atrazine. 
However, it is recommended that the sampling intensity be reduced from the levels 
recommended by ANZECC & ARMCANZ (2000), given that it is unlikely to be detected under 
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pre-development conditions. Endosulfan was deregistered for use as an agricultural chemical 
in 2010 (APVMA 2010), so cannot be used on the proposed Weaber Plain development 
area.  
No metals at concentrations above the ANZECC & ARMCANZ (2000) ‘99 % species 
protection level’ were detected in a water sample obtained from K4. As a result, it is also 
recommended that samples continue to be collected from the Keep River and Border Creek 
over the baseline monitoring period and be analysed for metals, but as for farm chemicals, at 
a lower intensity than recommended by ANZECC & ARMCANZ (2000). This will enable 
baseline conditions to be set, and may help the future definition of ANZECC & ARMCANZ 
(2000) ‘99 % species protection level’ concentrations for those metals that currently have no 
concentration limit specified in the guidelines.  
A summary of the recommended ongoing (until 2013) baseline sampling regime is shown in 
Table 8. The regime varies in some aspects from the ANZECC & ARMCANZ (2000) baseline 
sampling guidelines. These aspects include logistical considerations related to the 
remoteness and difficulty of access of the sites in the wet season and the knowledge gained 
from this and previous studies. The ANZECC & ARMCANZ (2000) guidelines allow flexibility 
based on these considerations. 
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Table 8 Recommended baseline sampling and analysis program for the lower Keep River area to 2013 
 Dry season Wet season Wet season 
 
Keep Estuary (3 sites), 
 K1 – K3, K4, Borer Creek 
Keep Estuary
 
(3 sites), 
K1 – K3 
K4 and Border 
Creek 
General chemistry    
Alkalinity M T T 
Cl M T T 
CO3 M T T 
DOC M T T 
DO M T T 
EC M, L T, L T, L, A 
F M T T 
Hardness M T T 
HCO3 M T T 
pH M T T, A 
TDS M T T, A 
Nutrients    
NH3/4 N M T T 
NO3 N M T T 
NO2 N M T T 
TN M T T, A 
TSN M T T 
SRP M T T, A 
TP M T T, A 
TRP M T T 
TSP M T T 
Agricultural chemicals    
Atrazine T T T 
Metals    
Metals suite
ψ
 T T T 
Physical    
Temperature M, L T, L T, L 
TSS M T T, A 
Turbidity M, I T T 
Water level or flow L L L 
M = Monthly 
T = Twice per season 
I = Intensive investigation 
A = Autosampler, run-off rate determines frequency 
Ψ Metals as per list in Appendix H 
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6. Summary and conclusions 
This report provides an interim analysis of the flow, tide and physico-chemical conditions in 
the lower Keep River and Border Creek system and will be updated in 2013 after completion 
of the baseline analysis. 
Results to date indicate that the Keep River system is highly dynamic and responds rapidly 
to prevailing rainfall and tidal influences. Evidence is also presented that indicates the dry 
season flow characteristics of the Keep River are undergoing change—from an annual flow 
system to a perennial stream—as a result of recent changes in groundwater and rainfall. 
Even though current landuse in the catchment is a mixture of National Park and low intensity 
rangeland grazing, the lower Keep River is better classified as moderately disturbed rather 
than pristine. This conclusion is made on the basis of measured nutrient and suspended 
solid concentrations observed during the wet season by this study.  
The use of dataloggers and autosamplers has improved the understanding of the dynamic 
nature of the system. The technology allows more detailed observation of short-term 
changes in river and pool salinity and other physico-chemical parameters over long periods. 
This type of data had not previously been collected in the lower Keep River. For example, the 
logger data has shown that the K3 river pool, previously thought to be a fresh aquatic 
ecosystem, is affected by tidal exchange and can become saline in the dry season. The 
continued use of logger and autosampler technology is recommended. 
Results imply that the aquatic species (including threatened species listed as Matters of NES 
under the EPBC Act) that occur and persist in the lower Keep River are adapted to the 
prevailing conditions. These include highly variable water salinity and nutrient conditions, 
similar to those measured in an analogous agricultural environment (D4 ORIA). 
Notwithstanding these results, the project must ensure that the proposed Weaber Plain 
farmland development has minimal impact on the river dynamics and baseline water quality. 
To achieve this will require the determination of a set of baseline water quality conditions and 
triggers against which to compare the ongoing (post development) monitoring data. 
Evidence collected shows that ANZECC & ARMCANZ (2000) guideline trigger values for 
undisturbed tropical rivers are not appropriate for the lower Keep River. Collected data 
indicates that site-specific trigger values be developed. This report recommends a 
coordinated baseline water quality monitoring program, tailored to suit local conditions and in 
accordance with ANZECC & ARMCANZ (2000) guidelines, as a basis for developing site-
specific trigger values.  
The baseline water quality program has commenced and is scheduled to be finalised in 
2013. Baseline sediment physico-chemistry, aquatic biodiversity, threatened species 
abundance and macro-invertebrate data are also being collected in parallel studies. 
Finally, the study concludes that the water quality of the last run-off at the end of the wet 
season flow is likely to be of greatest importance to the health of the river pools in the dry 
season. This may mean that management of discharge during the low flow late wet season 
period may be critical. Hydrodynamic modelling may be the best method of forecasting the 
effects of management of discharge at this time. Accordingly, it is recommended that, in 
addition to improving the bathymetry of the Keep River pools and the upper Keep Estuary, 
future hydrodynamic models use this data. 
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Appendix A: Water quality data for Keep Estuary (K0) 
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π
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NCTWR
π
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8.7 18 100 150 
  
0.38 <0.01 <0.01 0.01 
 
0.23 0.37 0.05 0.01 0.01 0.01 
  
23 
  
 
  
16.8 
 
4.4 
   
β 
Field, D 1988, Baseflow water quality surveys in rivers in the Northern Territory, Volume 12: The Keep River, Report No. 11/1988, Power and Water Authority, Darwin. 
π
 NCTWR 2005, Aquatic Fauna of the Ord Stage II M2 Area: Final Report, September 2005, Unpublished report to the Department of Industry and Resources (WA) by the National Centre for Tropical Wetland Research. 
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Appendix B: Water quality data for K1 pool 
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509837 8306215 28/06/83 0.5 16.4 8.6 1388 
  
5.0 
            
0.01 
 
4600 
  
145 
     
1750 119 
 
KBR (2005)
ψ
 Site 1 509478 8305651 Oct-05 0.1 30.5 8.3 3150 
  
2.4 
 
0.25 0.01 <0.005 0.04 0.39 
  
0.01 
   
0.01 
             
KBR (2005)
ψ
 Site 1 509478 8305651 Oct-05 1.0 30.3 8.3 3160 
                             
KBR (2005)
ψ
 Site 1 509478 8305651 Oct-05 1.5 29.9 8.3 3160 
                             
KBR (2005)
ψ
 Site 1 509478 8305651 Oct-05 2.0 31.2 8.3 3400 
                             
KBR (2005)
ψ
 Site 1 509478 8305651 Oct-05 2.8 32.3 8.0 3660 
                             
KBR (2005)
ψ
 Site 10 509039 8303896 Oct-05 0.1 
       
0.56 0.01 <0.005 0.06 0.81 
  
0.01 
   
<0.005 
             
KBR (2005)
ψ
 Site 11 508908 8303765 Oct-05 0.1 
       
0.33 0.01 <0.005 0.05 0.44 
  
0.01 
   
<0.005 
             
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 0.1 31.5 8.3 2960 
  
1.4 
 
0.23 0.01 <0.005 0.02 0.32 
  
0.01 
   
<0.005 
            
6.8 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 0.5 31.3 8.3 2970 
                            
6.6 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 1.0 30.6 8.3 2990 
                            
6.6 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 1.5 31.0 8.3 3070 
                            
6.5 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 2.0 33.3 8.2 3480 
                            
6.7 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 2.5 33.4 8.1 3550 
                            
5.9 
KBR (2005)
ψ
 Site 2 509506 8304186 Oct-05 2.7 
                               
6.2 
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 0.1 31.3 8.3 2780 
  
1.8 
 
0.25 0.01 <0.005 0.02 0.33 
  
0.01 
   
<0.005 
             
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 0.5 31.1 8.3 2780 
                             
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 1.0 30.9 8.3 2780 
                             
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 1.5 31.0 8.3 2870 
                             
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 2.0 31.0 8.3 2910 
                             
KBR (2005)
ψ
 Site 3 508857 8303531 Oct-05 2.5 31.1 8.3 2930 
                             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 0.1 31.1 8.2 2670 
  
2.7 
 
0.28 0.01 <0.005 0.04 0.36 
  
<0.005 
   
<0.005 
             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 0.5 31.1 8.3 2670 
                             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 1.0 30.7 8.3 2660 
                             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 1.5 30.4 8.3 2660 
                             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 2.0 30.1 8.3 2670 
                             
KBR (2005)
ψ
 Site 4 509062 8302721 Oct-05 2.5 29.9 8.2 2670 
                             
KBR (2005)
ψ
 Site 5 508987 8301738 Oct-05 0.1 31.4 8.2 2610 
  
2.2 
 
0.29 0.02 <0.005 0.04 0.37 
  
<0.005 
   
<0.005 
             
KBR (2005)
ψ
 Site 5 508987 8301738 Oct-05 0.5 31.3 8.2 2630 
                             
KBR (2005)
ψ
 Site 5 508987 8301738 Oct-05 1.0 31.3 8.2 2630 
                             
KBR (2005)
ψ
 Site 5 508987 8301738 Oct-05 1.5 31.1 8.2 2630 
                             
KBR (2005)
ψ
 Site 5 508987 8301738 Oct-05 2.0 30.5 8.3 2630 
                             
WRM (2011)
Θ
 Site 1 509478 8305651 Oct-09 
 
30.5 9.2 3310 33100 
  
1.6 
                        
6.9 
WRM (2011)
Θ
 Site 2 509506 8304186 Oct-09 
 
30.4 9.1 3300 32800 
  
1.4 
                        
6.6 
WRM (2011)
Θ
 Site 3 508857 8303531 Oct-09 
 
31.0 9.0 3050 30300 
  
1.1 
                        
6.4 
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WRM (2011)
Θ
 Site 4 509062 8302721 Oct-09 
 
31.5 9.0 3020 29900 
  
1.5 
                        
6.6 
WRM (2011)
Θ
 Site 5 508987 8301738 Oct-09 
 
32.6 9.0 3000 29700 
  
1.2 
                        
6.1 
DAFWA K1 logger 508923 8303810 25/08/10 0.5 
 
8.2 3550 19000 110 
  
0.22 <0.01 <0.01 0.01 
 
0.19 0.20 0.01 <0.01 0.01 0.01 
  
9570 
     
5450 
 
1550 
   
DAFWA K1 logger 508923 8303810 25/08/10 0.5 29.0 7.1 3450 
                             
WRM (2011)
Θ
 Site 1 509478 8305651 14/09/10 
   
3950 26000 
 
1.8 
 
0.19 <0.01 
 
<0.01 0.19 
  
<0.01 
 
<0.01 
  
323 13400 
   
294.0 933.0 8170 5.8 1800 
 
185 
 
WRM (2011)
Θ
 Site 2 509506 8304186 14/09/10 
   
2750 17000 
 
1.1 
 
0.20 <0.01 
 
<0.01 0.20 
  
<0.01 
 
<0.01 
  
243 9320 
   
203.0 660.0 5430 9.1 1300 
 
175 
 
WRM (2011)
Θ
 Site 3 508857 8303531 14/09/10 
   
2900 18000 
 
1.5 
 
0.17 <0.01 
 
<0.01 0.17 
  
0.01 
 
<0.01 
  
256 9740 
   
216.0 694.0 5720 8.6 1500 
 
170 
 
WRM (2011)
Θ
 Site 4 509062 8302721 14/09/10 
   
2640 16000 
 
1.3 
 
0.19 <0.01 
 
<0.01 0.19 
  
<0.01 
 
<0.01 
  
227 9070 
   
189.0 614.0 5080 9.4 1200 
 
160 
 
WRM (2011)
Θ
 Site 5 508987 8301738 14/09/10 
   
2180 13000 
 
1.6 
 
0.18 <0.01 
 
<0.01 0.18 
  
<0.01 
 
<0.01 
  
196 7500 
   
150.0 510.0 4170 14.0 990 
 
165 
 
DAFWA K1 logger 508923 8303810 16/11/10 0.5 
 
8.5 993 7100 92 
  
0.39 
      
0.01 
     
4780 
     
2710 
     
DAFWA K1 logger 508923 8303810 25/11/10 0.5 
 
8.4 1500 18000 11 
  
0.39 <0.01 <0.01 0.01 
 
0.32 0.36 <0.01 <0.01 <0.01 <0.01 
  
8020 
     
4580 
 
1200 
   
DAFWA K1 logger 508923 8303810 15/02/11 0.5 
 
8.3 9 54 53 
  
0.37 0.01 <0.01 0.01 
 
0.19 0.35 0.03 <0.01 <0.01 0.01 
  
4 
     
5 
 
2 
   
DAFWA K1 logger 508923 8303810 20/05/11 0.5 
 
7.9 77 400 12 
  
0.36 <0.01 <0.01 <0.01 
 
0.08 0.36 0.02 0.01 <0.01 0.01 
  
110 
     
82 
 
48 
   
DAFWA K1/K0 bar 501504 8306521 23/07/11 0.5 25.4 8.6 700 
                             
DAFWA K1 logger 508923 8303810 23/07/11 0.5 
 
8.2 356 
                             
WRM (2011)
 Θ
 Site 5 508987 8301738 14/09/10 
   
2180 13000 
 
1.6 
 
0.18 <0.01 
 
<0.01 0.18 
  
<0.01 
 
<0.01 
  
196 7500 
   
150.0 510.0 4170 14.0 990 
 
165 
 
DAFWA K1 logger 508923 8303810 16/11/10 0.5 
 
8.5 993 7100 92 
  
0.39 
      
0.01 
     
4780 
     
2710 
     
DAFWA K1 logger 508923 8303810 25/11/10 0.5 
 
8.4 1500 18000 11 
  
0.39 <0.01 <0.01 0.01 
 
0.32 0.36 <0.01 <0.01 <0.01 <0.01 
  
8020 
     
4580 
 
1200 
   
DAFWA K1 logger 508923 8303810 15/02/11 0.5 
 
8.3 9 54 53 
  
0.37 0.01 <0.01 0.01 
 
0.19 0.35 0.03 <0.01 <0.01 0.01 
  
4 
     
5 
 
2 
   
β 
Field, D 1988, Baseflow water quality surveys in rivers in the Northern Territory, Volume 12: The Keep River, Report No. 11/1988, Power and Water Authority, Darwin. 
ψ
 KBR 2005, Water Quality Sampling: Keep River and Sandy Creek October 2004, Report prepared for Department of Industry and Resources, East Perth. 
θ 
Data provided in 2011 by Wetland Research & Management, Glen Forrest, WA. 
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Appendix C: Water quality data for K2 pool 
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WRM (2011)
θ
 Site 1 509153 8300895 25/07/04 
  
8.3 196 1190 
 
12.9 
 
0.28 0.003 0.003 0.03 0.25 
  
0.01 
   
0.01 46.2 555 
   
10.7 55.2 299 25.0 86 
 
151 5.7 
KBR (2005)
Ψ
 Site 1 509153 8300895 1/10/05 0.1 30.3 8.3 386 
  
2.3 
 
0.21 0.01 <0.005 <0.005 0.23 
  
<0.005 
   
0.01 
             
KBR (2005)
Ψ
 Site 1 509153 8300895 1/10/05 0.5 30.3 8.3 386 
                             
KBR (2005)
Ψ
 Site 1 509153 8300895 1/10/05 1.0 30.1 8.4 386 
                             
KBR (2005)
Ψ
 Site 1 509153 8300895 1/10/05 1.5 29.7 8.3 386 
                             
KBR (2005)
Ψ
 Site 1 509153 8300895 1/10/05 2.0 29.7 8.4 386 
                             
KBR (2005)
Ψ
 Site 2 509261 8300729 1/10/05 0.1 31.0 8.4 384 
  
2.2 
 
0.22 0.01 <0.005 0.01 0.23 
  
0.01 
   
0.01 
             
KBR (2005)
Ψ
 Site 2 509261 8300729 1/10/05 0.5 31.0 8.4 385 
                             
KBR (2005)
Ψ
 Site 2 509261 8300729 1/10/05 1.0 30.9 8.4 385 
                             
KBR (2005)
Ψ
 Site 2 509261 8300729 1/10/05 1.5 30.7 8.3 385 
                             
KBR (2005)
Ψ
 Site 2 509261 8300729 1/10/05 2.0 30.2 8.3 387 
    
0.30 0.01 <0.005 0.02 0.36 
  
0.01 
   
0.01 
             
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 0.1 31.4 8.4 383 
  
2.0 
 
0.21 0.01 <0.005 0.01 0.21 
  
0.01 
   
0.01 
            
7.0 
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 0.5 31.4 8.4 384 
                            
7.1 
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 1.0 31.1 8.4 384 
                            
6.9 
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 1.5 31.0 8.4 384 
                            
6.7 
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 2.0 30.9 8.4 384 
                            
6.5 
KBR (2005)
Ψ
 Site 3 509261 8300461 1/10/05 2.5 30.5 8.3 386 
    
0.42 0.01 <0.005 0.03 0.51 
  
0.01 
   
0.01 
            
4.0 
KBR (2005)
Ψ
 Site 4 509153 8300142 1/10/05 0.1 32.1 8.4 384 
  
3.8 
 
0.20 0.01 <0.005 0.01 0.23 
  
0.01 
   
0.01 
            
7.2 
KBR (2005)
Ψ
 Site 4 509153 8300142 1/10/05 0.5 31.9 8.4 384 
                            
6.9 
KBR (2005)
Ψ
 Site 4 509153 8300142 1/10/05 1.0 31.4 8.4 383 
                            
7.1 
KBR (2005)
Ψ
 Site 4 509153 8300142 1/10/05 1.5 31.0 8.4 383 
                            
6.8 
KBR (2005)
Ψ
 Site 4 509153 8300142 1/10/05 2.0 30.7 8.4 383 
                            
5.5 
KBR (2005)
Ψ
 Site 5 509005 8300022 1/10/05 0.1 32.8 8.3 385 
  
6.5 
 
0.22 0.01 <0.005 0.01 0.31 
  
<0.005 
   
0.01 
            
6.5 
KBR (2005)
Ψ
 Site 5 509005 8300022 1/10/05 0.5 31.5 8.3 384 
                            
6.5 
KBR (2005)
Ψ
 Site 5 509005 8300022 1/10/05 1.0 30.9 8.2 384 
                            
6.8 
KBR (2005)
Ψ
 Site 5 509005 8300022 1/10/05 1.5 30.5 8.2 383 
                            
6.8 
KBR (2005)
Ψ
 Site 5 509005 8300022 1/10/05 1.8 30.4 8.3 383 
                            
4.5 
WRM (2011)
θ
 Site 1 509153 8300895 1/10/09 
 
28.9 7.9 655 6520 
  
1.2 
                        
6.9 
WRM (2011)
θ
 Site 2 509261 8300729 1/10/09 
 
29.8 8.2 653 6500 
  
1.2 
                        
7.0 
WRM (2011)
θ
 Site 3 509261 8300461 1/10/09 
 
29.6 8.8 629 6250 
  
1.5 
                        
6.2 
WRM (2011)
θ
 Site 4 509153 8300142 1/10/09 
 
30.2 8.8 631 6200 
  
1.0 
                        
6.0 
WRM (2011)
θ
 Site 5 509005 8300022 1/10/09 
 
30.7 9.0 551 5560 
  
1.1 
                        
5.6 
DAFWA K2 logger 509247 8300569 25/08/10 0.5 
 
8.7 803 3500 23 
  
0.13 <0.01 <0.01 <0.01 
 
0.08 0.11 <0.01 0.01 <0.01 <0.01 
  
2000 
     
1050 
 
307 
   
DAFWA logger 509247 8300569 25/08/10 0.5 30.9 8.6 1105 
                             
WRM (2011)
θ
 Site 1 509153 8300895 14/09/10 
   
1790 11000 
 
1.9 
 
0.08 <0.01 
 
<0.01 0.08 
  
<0.01 
 
<0.01 
  
167.0 6150 
   
118.0 410.0 3250 14.0 790 
 
150 
 
WRM (2011)
θ
 Site 2 509261 8300729 14/09/10 
   
1740 10000 
 
2.0 
 
0.09 <0.01 
 
<0.01 0.09 
  
<0.01 
 
<0.01 
  
164.0 5900 
   
115.0 402.0 3180 14.0 740 
 
175 
 
WRM (2011)
θ
 Site 3 509261 8300461 14/09/10 
   
1360 8000 
 
2.2 
 
0.15 <0.01 
 
<0.01 0.15 
  
0.02 
 
<0.01 
  
137.0 4620 
   
86.6 317.0 2480 16.0 590 
 
180 
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WRM (2011)
θ
 Site 4 509153 8300142 14/09/10 
   
867 4700 
 
2.3 
 
0.12 <0.01 
 
<0.01 0.12 
  
0.01 
 
<0.01 
  
93.9 2900 
   
52.1 190.0 1460 17.0 340 
 
165 
 
WRM (2011)
θ
 Site 5 509005 8300022 14/09/10 
   
676 3500 
 
2.6 
 
0.13 <0.01 
 
<0.01 0.13 
  
0.02 
 
<0.01 
  
83.4 1870 
   
41.3 153.0 1140 18.0 260 
 
140 
 
DAFWA K2/K3 bar 508641 8299813 16/11/10 0.5 
 
8.9 20 130 54 
  
0.43 
      
0.02 
     
33 
     
20 
     
DAFWA K2 logger 509247 8300569 25/11/10 0.5 
 
8.3 108 780 170 
  
0.43 0.01 <0.01 <0.01 
 
0.29 0.40 0.02 0.01 0.01 0.01 
  
415 
     
219 
 
50 
   
DAFWA K2/K3 bar 508641 8299813 23/07/11 0.5 25.0 8.6 135 
                             
DAFWA K2 logger 509247 8300569 23/07/11 0.5 25.5 8.5 71 
                             
θ 
Data provided in 2011 by Wetland Research & Management, Glen Forrest, WA. 
ψ
 KBR 2005, Water Quality Sampling: Keep River and Sandy Creek October 2004, Report prepared for Department of Industry and Resources, East Perth. 
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Appendix D: Water quality data for K3 pool 
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NCTWR
π
 KE5 508366 8298335 25/07/04 
  
7.5 41 250 
 
3.0 
 
0.23 0.02 <0.005 0.03 0.19 
  
0.01 
   
0.01 
      
33.0 
 
24.2 
   
3.1 
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 0.1 30.3 8.1 191 
  
3.6 
 
0.22 0.01 <0.005 0.02 0.21 
  
<0.005 
   
0.01 
             
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 0.5 30.2 8.1 192 
                             
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 1.0 29.7 8.1 192 
                             
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 1.5 29.4 8.0 192 
                             
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 2.0 29.2 8.0 192 
                             
KBR (2005)
ψ
 Site 1 508560 8299526 1/10/05 2.3 29.1 8.0 192 
                             
KBR (2005)
ψ
 Site 2 508514 8298894 1/10/05 0.1 30.5 8.1 196 
  
3.8 
 
0.18 0.01 <0.005 0.01 0.21 
  
0.01 
   
0.01 
            
7.2 
KBR (2005)
ψ
 Site 2 508514 8298894 1/10/05 1.0 30.0 8.0 196 
                            
7.1 
KBR (2005)
ψ
 Site 2 508514 8298894 1/10/05 2.0 29.6 7.9 196 
                            
6.9 
KBR (2005)
ψ
 Site 2 508514 8298894 1/10/05 3.0 29.3 8.0 195 
                            
6.9 
KBR (2005)
ψ
 Site 2 508514 8298894 1/10/05 4.0 29.1 7.8 194 
    
0.97 0.02 <0.005 0.10 1.09 
  
0.01 
   
0.01 
            
5.0 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 0.1 31.2 8.2 198 
  
3.6 
 
0.19 0.01 <0.005 0.01 0.21 
  
0.01 
   
<0.005 
            
7.1 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 1.0 30.9 8.1 198 
                            
7.2 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 2.0 30.5 8.0 200 
                            
7.0 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 3.0 29.8 7.8 202 
                            
6.9 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 3.5 29.5 7.6 207 
                            
7.2 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 4.0 29.2 7.5 209 
                            
6.9 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 4.5 28.7 7.5 212 
                            
5.2 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 5.0 28.4 7.4 217 
    
0.46 0.02 <0.005 0.16 0.53 
  
0.01 
   
0.01 
            
0.0 
KBR (2005)
ψ
 Site 3 508366 8298335 1/10/05 5.2 28.4 7.4 218 
                             
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 0.1 31.6 8.2 199 
  
3.7 
 
0.18 0.01 <0.005 0.01 0.21 
  
0.01 
   
0.01 
            
7.4 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 1.0 31.4 8.2 200 
                            
7.2 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 2.0 30.9 8.0 200 
                            
7.2 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 3.0 29.5 7.6 206 
                            
7.0 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 3.5 29.2 7.5 209 
                            
7.1 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 4.0 28.9 7.4 218 
                            
6.3 
KBR (2005)
ψ
 Site 4 508349 8297862 1/10/05 4.3 
                               
1.5 
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 0.1 32.2 8.1 200 
  
3.0 
 
0.23 0.01 <0.005 0.01 0.17 
  
<0.005 
   
0.01 
             
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 0.5 32.0 8.2 200 
                             
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 1.0 31.8 8.1 200 
                             
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 1.5 31.6 8.1 200 
                             
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 2.0 31.1 8.0 200 
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KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 2.5 30.2 7.7 204 
                             
KBR (2005)
ψ
 Site 5 508127 8297702 1/10/05 3.0 29.8 7.5 208 
                             
WRM (2011)
θ
 Site 1 508560 8299526 1/10/09 
 
30.9 8.9 126 1247 
  
1.1 
                        
8.3 
WRM (2011)
θ
 Site 2 508514 8298894 1/10/09 
 
30.9 8.6 124 1226 
  
1.1 
                        
5.6 
WRM (2011)
θ
 Site 3 508366 8298335 1/10/09 
 
30.4 9.2 123 1219 
  
1.1 
                        
5.8 
WRM (2011)
θ
 Site 4 508349 8297862 1/10/09 
 
30.8 8.7 115 1115 
  
1.2 
                        
6.1 
WRM (2011)
θ
 Site 5 508127 8297702 1/10/09 
 
31.6 8.9 109 1075 
  
1.0 
                        
7.0 
DAFWA K3 logger 508469 8298138 25/08/10 0.5 
 
8.8 125 560 39 
  
0.14 <0.01 <0.01 <0.01 
 
0.09 0.12 <0.01 0.02 <0.01 <0.01 
  
266 
     
130.0 
 
36.2 
   
DAFWA lower 508560 8299526 25/08/10 0.5 30.0 8.6 123 
                             
DAFWA upper 508127 8297702 25/08/10 0.5 30.0 8.4 88 
                             
WRM (2011)
θ
 Site 1 508560 8299526 15/09/10 
   
249 1200 
 
3.9 
 
0.31 <0.01 
 
<0.01 0.31 
  
<0.01 
 
<0.01 
  
50.4 664 
   
13.1 59.5 365.0 19.0 96.0 
 
150 
 
WRM (2011)
θ
 Site 2 508514 8298894 15/09/10 
   
204 1000 
 
4.5 
 
0.09 <0.01 
 
<0.01 0.09 
  
0.02 
 
<0.01 
  
48.0 542 
   
10.5 49.5 290.0 20.0 76.0 
 
140 
 
WRM (2011)
θ
 Site 3 508366 8298335 15/09/10 
   
168 970 
 
4.3 
 
0.12 <0.01 
 
<0.01 0.12 
  
0.01 
 
<0.01 
  
45.0 437 
   
8.8 42.6 228.0 21.0 63.0 
 
150 
 
WRM (2011)
θ
 Site 4 508349 8297862 15/09/10 
   
168 890 
 
4.0 
 
0.64 <0.01 
 
<0.01 0.64 
  
0.01 
 
<0.01 
  
45.5 433 
   
8.6 42.6 227.0 21.0 67.0 
 
150 
 
WRM (2011)
θ
 Site 5 508127 8297702 15/09/10 
   
181 990 
 
4.6 
 
0.13 <0.01 
 
0.01 0.13 
  
0.01 
 
<0.01 
  
46.9 473 
   
9.1 45.0 246.0 23.0 74.0 
 
150 
 
DAFWA K3 logger 508469 8298138 16/11/10 0.5 
 
8.7 59 390 26 
  
0.29 
      
0.01 
     
303 
     
155.0 
     
DAFWA K3 logger 508469 8298138 24/11/10 0.5 
 
8.9 15 96 25 
  
0.27 <0.01 <0.01 <0.01 
 
0.21 0.27 0.01 0.01 <0.01 0.01 
  
36 
     
22.8 
 
7.9 
   
DAFWA K3 logger 508469 8298138 20/05/11 0.5 
 
8.0 46 260 17 
  
0.21 <0.01 <0.01 <0.01 
 
0.09 0.21 0.02 <0.01 <0.01 <0.01 
  
33 
     
29.0 
 
36.6 
   
DAFWA K3 logger 508469 8298138 23/07/11 0.5 
 
8.5 72 
                             
π
 NCTWR 2005, Aquatic Fauna of the Ord Stage II M2 Area: Final Report, September 2005, Unpublished report to the Department of Industry and Resources (WA) by the National Centre for Tropical Wetland Research. 
ψ
 KBR 2005, Water Quality Sampling: Keep River and Sandy Creek October 2004, Report prepared for Department of Industry and Resources, East Perth. 
θ 
Data provided in 2011 by Wetland Research & Management, Glen Forrest, WA. 
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Appendix E: Water quality data collected at K4 pool 
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NRETAS
α
 G8100225 506941 8297061 28/11/75 
  
7.2 18 
 
120 80 
  
2.00 
          
0.02 8 0.002 0.70 
 
4.0 0.0 10.0 10.0 6.0 0.068 98 
 
NRETAS
α
 G8100225 506941 8297061 4/02/76 
  
7.0 9 
 
49 
               
12 
        
0.092 42 
 
NRETAS
α
 G8100225 506941 8297061 10/03/76 
  
7.1 12 
 
120 58 
                          
NRETAS
α
 G8100225 506941 8297061 9/02/78 
  
6.9 7 
  
150 
                          
NRETAS
α
 G8100225 506941 8297061 25/01/80 
  
6.9 8 
 
75 351 
  
3.00 
          
0.01 2 <0.001 
  
8.0 0.0 5.0 11.0 10.0 0.055 43 
 
NRETAS
α
 G8100225 506941 8297061 24/04/80 
  
7.5 20 
  
6 
                          
NRETAS
α
 G8100225 506941 8297061 7/12/81 
  
7.0 12 
  
45 
                          
NRETAS
α
 G8100225 506941 8297061 4/02/82 
  
6.9 9 
  
130 
                          
NRETAS
α
 G8100225 506941 8297061 17/02/82 
  
6.7 8 
                 
3 
        
0.030 43 
 
Field (1988)
β
 G8100225 506941 8297061 28/06/83 0.5 21.7 8.4 24 
  
16 
  
1.00 
         
0.01 20.00 18 0.4 7.00 143 4.0 13.0 20.0 16.0 12.0 0.162 117 
 
RoB
γ
 G8100225 506941 8297061 1/01/95 
         
0.65 
         
0.05 
             
NRETAS
α
 G8100225 506941 8297061 4/01/95 
  
7.8 28 
     
0.03 <0.02 
    
0.04 
 
0.001 
             
150 
 
NT DLPE
δ
 G8100225 506941 8297061 1/07/95 
  
8.0 18 
  
19 
  
0.01 
  
0.35 
  
0.02 
 
0.002 
         
0.4 
    
7.8 
NT DLPE
δ
 G8100225 506941 8297061 1/11/95 
  
6.6 31 
  
22 
  
0.00 
  
0.28 
  
0.01 
 
0.003 
         
0.3 
    
8.4 
NRETAS
α
 G8100225 506941 8297061 2/11/95 
  
7.8 30 
     
<0.004 <0.02 
    
0.01 
 
0.003 
             
138 
 
NT DLPE
δ
 G8100225 506941 8297061 1/07/96 
  
9.1 21 
  
20 
                         
8.0 
NT DLPE
δ
 G8100225 506941 8297061 1/10/96 
  
6.6 
   
39 
                         
8.1 
RoB
γ
 G8100225 506941 8297061 1/02/97 
         
0.62 
         
0.06 
             
RoB
γ
 G8100225 506941 8297061 1/02/97 
         
0.56 
         
0.15 
             
NT DLPE
δ
 G8100225 506941 8297061 Dec-97 
   
30 
 
37 
   
19.00 
     
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
29 
 
61 
   
2.90 
     
0.02 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
29 
 
71 
   
8.30 
     
0.29 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
19 
 
88 
   
3.70 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
15 
 
161 
   
1.90 
     
0.08 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
11 
 
254 
   
6.00 
     
0.10 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
9 
 
508 
   
4.40 
     
0.11 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
8 
 
253 
   
<0.2 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
7 
 
210 
   
3.30 
     
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
7 
 
193 
   
3.60 
     
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
7 
 
180 
   
1.40 
     
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
7 
 
255 
   
2.30 
     
0.09 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
8 
 
394 
   
2.80 
     
0.10 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
5 
 
381 
   
7.10 
     
0.10 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
8 
 
101 
   
<0.2 
     
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
5 
 
225 
   
4.80 
     
0.54 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
6 
 
66 
   
3.40 
     
0.04 
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NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
6 
 
249 
   
5.70 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
6 
 
166 
   
2.30 
     
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
9 
 
155 
   
<0.2 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
7 
 
118 
   
1.30 
     
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
9 
 
150 
   
4.40 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Dec-97 
   
10 
 
221 
   
3.20 
     
0.09 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
6 
 
127 
   
3.40 
     
0.12 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
129 
   
<0.2 
     
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
428 
   
2.00 
     
0.08 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
6 
 
1821 
   
0.60 
     
0.21 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
1313 
   
0.20 
     
0.08 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
819 
   
2.70 
     
0.14 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
622 
   
3.30 
     
0.14 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
777 
   
0.70 
     
0.11 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
646 
   
2.70 
     
0.10 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
5 
 
432 
   
1.80 
     
0.09 
                 
NT DLPE
ε
 G8100225 506941 8297061 Jan-98 
   
6 
 
186 
   
0.20 
     
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
6 
 
181 
   
2.00 
  
1.00 
  
0.07 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
5 
 
151 
   
1.00 
  
0.54 
  
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
5 
 
143 
   
1.00 
  
0.50 
  
0.06 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
6 
 
105 
   
<1.0 
  
1.36 
  
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
6 
 
103 
   
<1.0 
  
1.23 
  
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
8 
 
65 
   
<1.0 
  
2.25 
  
0.05 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
8 
 
202 
   
<1.0 
  
1.33 
  
0.08 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
6 
 
540 
   
2.00 
  
0.36 
  
0.09 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
5 
 
676 
   
3.00 
  
0.40 
  
0.11 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
7 
 
201 
   
<1.0 
  
1.76 
  
0.08 
                 
NT DLPE
ε
 G8100225 506941 8297061 Feb-98 
   
7 
 
93 
   
<1.0 
  
1.78 
  
0.05 
                 
NT DLPE
δ
 G8100225 506941 8297061 Mar-98 
  
5.6 8 
 
85 58 
  
<1.0 
                       
Larson(1999)
ζ
 G8100225 506941 8297061 1/10/98 
  
7.2 16 
                             
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 0.1 28.3 8.2 23 
  
17 
                         
2.7 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 0.5 26.9 8.2 23 
  
16 
                         
2.7 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 1.0 26.6 8.2 23 
  
20 
                         
2.6 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 1.5 26.5 8.2 23 
  
22 
                         
2.5 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 2.0 26.3 8.2 23 
  
20 
                         
2.4 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 2.5 25.9 8.2 23 
  
22 
                         
1.6 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 3.0 25.7 8.2 23 
  
22 
                         
1.2 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 3.5 25.5 8.2 23 
  
22 
                         
0.8 
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WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 4.0 25.4 8.1 23 
  
21 
                         
0.4 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 4.5 25.3 8.1 23 
  
22 
                         
0.2 
WRM (2011)
θ
 Site 1 506941 8297061 25/09/00 5.0 25.3 8.1 23 
  
35 
                         
0.1 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 0.1 25.3 7.3 41 
  
5 
                         
5.7 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 1.0 23.8 7.3 40 
  
6 
                         
5.7 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 2.0 23.0 7.2 40 
  
8 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 3.0 22.7 7.2 41 
  
9 
                         
4.4 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 4.0 22.5 7.2 40 
  
12 
                         
3.2 
WRM (2011)
θ
 Site 1 506941 8297061 10/06/01 5.0 22.4 7.2 40 
  
281 
                         
2.9 
WRM (2011)
θ
 Site 2 507022 8296441 10/06/01 0.1 24.8 7.3 40 
  
6 
                         
6.8 
WRM (2011)
θ
 Site 2 507022 8296441 10/06/01 1.0 23.8 7.3 40 
  
8 
                         
6.1 
WRM (2011)
θ
 Site 2 507022 8296441 10/06/01 2.0 22.9 7.2 40 
  
9 
                         
5.2 
WRM (2011)
θ
 Site 2 507022 8296441 10/06/01 3.0 22.5 7.1 40 
  
11 
                         
3.9 
WRM (2011)
θ
 Site 2 507022 8296441 10/06/01 4.0 22.4 7.2 40 
  
12 
                         
3.1 
WRM (2011)
θ
 Site 3 507387 8296025 10/06/01 0.1 24.6 7.4 40 
  
7 
                         
7.0 
WRM (2011)
θ
 Site 3 507387 8296025 10/06/01 1.0 23.9 7.4 40 
  
10 
                         
5.8 
WRM (2011)
θ
 Site 3 507387 8296025 10/06/01 2.0 22.8 7.3 40 
  
11 
                         
5.4 
WRM (2011)
θ
 Site 3 507387 8296025 10/06/01 3.0 22.1 7.3 40 
  
9 
                         
3.7 
WRM (2011)
θ
 Site 3 507387 8296025 10/06/01 4.0 22.7 7.2 39 
  
9 
                         
2.9 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 0.1 20.9 7.8 47 
  
11 
 
0.19 
      
0.02 
                
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 0.5 20.8 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 1.0 20.8 7.8 47 
  
12 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 1.5 20.7 7.8 47 
  
11 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 2.0 20.7 7.8 47 
  
11 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 2.5 20.7 7.8 47 
  
11 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 3.0 20.7 7.8 47 
  
12 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 3.5 20.7 7.8 47 
  
12 
                         
5.2 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 4.0 20.7 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 4.5 20.7 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 5.0 20.7 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 5.5 20.7 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 4/06/02 6.0 20.7 7.8 47 
  
12 
                         
5.3 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 0.1 28.4 7.2 54 
  
8 
 
0.22 
      
0.03 
                
1.7 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 0.5 27.3 7.4 54 
  
8 
                         
1.6 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 1.0 27.0 7.4 54 
  
9 
                         
1.6 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 1.5 26.8 7.4 54 
  
9 
                         
1.6 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 2.0 26.6 7.4 54 
  
9 
                         
1.5 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 2.5 26.5 7.3 54 
  
10 
                         
1.3 
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WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 3.0 26.1 7.3 53 
  
13 
                         
0.8 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 3.5 26.1 7.3 52 
  
21 
                         
0.4 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 4.0 25.7 7.6 52 
  
2 
                         
0.2 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 4.5 25.7 7.8 52 
  
0 
                         
0.2 
WRM (2011)
θ
 Site 1 506941 8297061 18/09/02 5.0 25.7 7.8 51 
                            
0.1 
WRM (2011)
θ
 G8100225 506941 8297061 25/07/04 
  
7.5 41 250 
 
3 
 
0.23 0.02 0.00 0.03 0.19 
  
0.01 
   
0.01 33.00 24 
   
3.1 20.2 27.2 30.8 26.9 
 
153 5.7 
WRM (2011)
θ
 Site 1 506941 8297061 2–8/10/09 
 
27.7 7.3 83 825 
  
1.45 
                        
3.7 
WRM (2011)
θ
 Site 2 507022 8296441 2–8/10/09 
 
27.9 7.3 87 869 
  
0.8 
                        
2.0 
WRM (2011)
θ
 Site 3 507387 8296025 2–8/10/09 
 
27.2 7.8 67 664 
  
1 
                        
2.2 
WRM (2011)
θ
 G8100225 506941 8297061 10/06/10 
   
40 220 
 
7 
 
0.12 0.01 
  
0.11 
  
0.01 
 
<0.01 
  
17.00 51 
   
2.3 12.3 34.8 17.0 24.1 
 
95 
 
DAFWA G8100225 506941 8297061 10/06/10 0.5 
 
7.5 38 210 16 
  
0.14 0.01 <0.01 0.01 
 
0.08 0.12 0.02 <0.01 <0.01 <0.01 
  
53 
     
32.4 
 
23.8 
   
DAFWA G8100225 506941 8297061 30/07/10 0.5 
 
7.9 52 
                             
DAFWA G8100225 506941 8297061 25/08/10 0.5 24.0 7.8 57 
                             
DAFWA G8100225 506941 8297061 25/08/10 0.5 
 
8.7 47 270 23 
  
0.06 <0.01 <0.01 <0.01 
 
0.04 0.04 0.01 0.01 0.01 0.01 
  
53 
     
38.5 
 
26.9 
   
DAFWA G8100225 506941 8297061 1/09/10 0.5 30.5 7.7 60 300 
   
0.16 0.01 
 
<0.01 
   
0.02 
 
0.01 
  
22.50 86 0.12 0.11 146 2.6 16.6 53.3 15.0 46.4 
 
120 5.2 
DAFWA G8100225 506941 8297061 7/09/10 0.5 
                                
DAFWA G8100225 506941 8297061 16/11/10 0.5 
 
8.4 13 66 51 
  
0.47 
      
0.02 
     
10 
     
6.3 
     
DAFWA G8100225 506941 8297061 24/11/10 0.5 
 
8.7 12 70 46 
  
0.32 <0.01 <0.01 <0.01 
 
0.21 0.32 0.02 0.02 <0.01 0.01 
  
13 
     
8.7 
 
7.2 
   
DAFWA G8100225 506941 8297061 15/12/10 
  
7.0 18 120 1800 
  
7.30 
      
0.30 0.04 
    
13 
     
9.9 
     
DAFWA G8100225 506941 8297061 16/12/10 
  
6.9 17 110 1700 
  
7.00 
      
0.37 0.03 
    
13 
     
6.9 
     
DAFWA G8100225 506941 8297061 29/12/10 
  
7.1 19 100 1500 
  
8.10 
      
0.22 <0.01 
    
9 
     
6.0 
     
DAFWA G8100225 506941 8297061 31/12/10 
  
6.2 11 110 2200 
  
7.40 
      
0.41 0.10 
    
12 
     
4.1 
     
DAFWA G8100225 506941 8297061 1/01/11 
  
6.5 11 94 2400 
  
6.40 
      
0.27 <0.01 
    
9 
     
3.0 
     
DAFWA G8100225 506941 8297061 2/01/11 
  
6.5 13 77 3400 
  
5.30 
      
0.30 <0.01 
    
11 
     
3.2 
     
DAFWA G8100225 506941 8297061 5/01/11 
  
6.7 13 110 1600 
  
6.10 
      
0.21 <0.01 
    
11 
     
3.7 
     
DAFWA G8100225 506941 8297061 11/01/11 
  
6.8 12 110 1100 
  
6.80 
      
0.21 <0.01 
    
8 
     
4.1 
     
DAFWA G8100225 506941 8297061 13/01/11 
  
6.6 9 55 1400 
  
6.70 
      
0.32 <0.01 
    
8 
     
2.9 
     
DAFWA G8100225 506941 8297061 15/01/11 
  
6.8 11 52 1400 
  
6.10 
      
0.35 <0.01 
    
7 
     
3.6 
     
DAFWA G8100225 506941 8297061 18/01/11 
  
6.9 12 93 960 
  
3.20 
      
0.18 <0.01 
    
10 
     
4.4 
     
DAFWA G8100225 506941 8297061 20/01/11 
  
7.0 14 93 1400 
  
6.80 
      
0.51 0.01 
    
11 
     
5.8 
     
DAFWA G8100225 506941 8297061 21/01/11 
  
5.9 33 180 
   
32.00 
      
0.32 <0.01 
    
<1 
     
10.6 
     
DAFWA G8100225 506941 8297061 21/01/11 
  
6.4 14 76 1400 
  
5.30 
      
0.35 0.03 
    
3 
     
5.6 
     
DAFWA G8100225 506941 8297061 22/01/11 
  
6.3 11 73 510 
  
3.30 
      
0.12 0.05 
    
3 
     
4.2 
     
DAFWA G8100225 506941 8297061 22/01/11 
  
5.7 20 130 390 
  
1.40 
      
0.13 0.02 
    
28 
     
2.6 
     
DAFWA G8100225 506941 8297061 22/01/11 
  
6.3 8 53 240 
  
0.86 
      
0.10 0.03 
    
3 
     
2.4 
     
DAFWA G8100225 506941 8297061 22/01/11 
  
6.3 7 63 190 
  
0.91 
      
0.08 0.03 
    
3 
     
2.4 
     
DAFWA G8100225 506941 8297061 23/01/11 
  
6.3 7 40 
   
0.91 
      
0.09 0.02 
    
5 
     
2.5 
     
DAFWA G8100225 506941 8297061 23/01/11 
  
6.4 7 38 230 
  
0.96 
      
0.14 0.02 
    
3 
     
2.7 
     
Water quality in the lower Keep River 
53 
D
a
ta
 s
o
u
rc
e
 
S
it
e
 r
e
fe
re
n
c
e
 
E
a
s
ti
n
g
  
(G
D
A
9
4
) 
N
o
rt
h
in
g
  
(G
D
A
9
4
) 
D
a
te
 
S
a
m
p
le
 d
e
p
th
  
(m
) 
T
e
m
p
e
ra
tu
re
  
(o
C
) 
p
H
 
E
C
  
(m
S
/m
) 
T
D
S
  
(m
g
/L
) 
T
S
S
  
(m
g
/L
) 
T
u
rb
id
it
y
  
(N
T
U
) 
S
e
c
c
h
i 
d
e
p
th
  
(m
) 
T
o
ta
l 
N
  
(m
g
/L
) 
N
O
3
 o
r 
N
O
X
  
N
  
(m
g
/L
) 
N
O
2
 N
  
(m
g
/L
) 
N
H
3
/4
 N
  
(m
g
/L
) 
T
o
ta
l 
K
je
ld
a
h
l 
 
N
 (
m
g
/L
) 
T
o
ta
l 
s
o
lu
b
le
  
N
 (
m
g
/L
) 
O
rg
a
n
ic
 N
  
(m
g
/L
) 
T
o
ta
l 
P
  
(m
g
/L
) 
T
o
ta
l 
re
a
c
ti
v
e
  
P
 (
m
g
/L
) 
S
o
lu
b
le
 r
e
a
c
ti
v
e
 
 P
 (
m
g
/L
) 
T
o
ta
l 
s
o
lu
b
le
  
P
 (
m
g
/L
) 
P
O
4
 P
  
(m
g
/L
) 
C
a
  
(m
g
/L
) 
C
l 
 
(m
g
/L
) 
F
  
(m
g
/L
) 
F
e
  
(m
g
/L
) 
H
C
O
3
  
(m
g
/L
) 
K
  
(m
g
/L
) 
M
g
  
(m
g
/L
) 
N
a
  
(m
g
/L
) 
S
iO
2
  
(m
g
/L
) 
S
O
4
 S
  
(m
g
/L
) 
H
a
rd
n
e
s
s
  
(m
g
/L
) 
 A
lk
a
li
n
it
y
  
(m
g
/L
) 
D
is
s
o
lv
e
d
  
o
x
y
g
e
n
 (
m
g
/L
) 
DAFWA G8100225 506941 8297061 23/01/11 
  
6.5 8 42 
   
0.97 
      
0.11 0.02 
    
4 
     
2.9 
     
DAFWA G8100225 506941 8297061 23/01/11 
  
6.4 14 63 370 
  
1.60 
      
0.10 <0.01 
    
18 
     
3.4 
     
DAFWA G8100225 506941 8297061 15/02/11 0.5 
 
8.3 8 52 74 
  
0.32 0.01 <0.01 <0.01 
 
0.17 0.31 0.02 0.01 0.01 0.01 
  
2 
     
3.5 
 
1.7 
   
DAFWA G8100225 506941 8297061 18/02/11 
  
7.3 29 200 110 
  
0.97 
      
0.03 <0.01 <0.01 <0.01 
  
29 
     
13.3 
 
14.3 
   
DAFWA G8100225 506941 8297061 22/02/11 
  
6.9 8 
 
180 
  
10.00 
      
0.17 0.01 0.01 0.01 
  
23 
     
10.4 
 
9.9 
   
DAFWA G8100225 506941 8297061 25/02/11 
  
6.8 26 180 140 
  
1.90 
      
0.05 <0.01 <0.01 <0.01 
  
29 
     
10.9 
 
11.2 
   
DAFWA G8100225 506941 8297061 1/03/11 
  
6.9 17 140 260 
  
1.60 
      
0.06 <0.01 <0.01 <0.01 
  
20 
     
6.8 
 
6.1 
   
DAFWA G8100225 506941 8297061 4/03/11 
  
6.7 26 140 140 
  
1.10 
      
0.05 0.01 <0.01 0.01 
  
33 
     
11.2 
 
11.6 
   
DAFWA G8100225 506941 8297061 8/03/11 
  
6.6 17 140 160 
  
1.20 
      
0.03 <0.01 <0.01 <0.01 
  
22 
     
6.3 
 
5.3 
   
DAFWA G8100225 506941 8297061 11/03/11 
  
7.4 23 150 97 
  
0.68 
      
0.03 <0.01 <0.01 <0.01 
  
14 
     
12.2 
 
12.5 
   
DAFWA G8100225 506941 8297061 15/03/11 
  
7.5 20 150 54 
  
0.95 
      
0.04 0.02 <0.01 0.02 
  
11 
     
8.5 
 
8.2 
   
DAFWA G8100225 506941 8297061 18/03/11 
  
6.9 22 160 76 
  
2.80 
      
0.10 0.01 <0.01 0.01 
  
28 
     
9.1 
 
8.6 
   
DAFWA G8100225 506941 8297061 22/03/11 
  
7.1 21 140 130 
  
1.10 
      
0.06 0.01 <0.01 0.01 
  
27 
     
9.0 
 
8.2 
   
DAFWA G8100225 506941 8297061 25/03/11 
  
7.7 30 160 79 
  
0.91 
      
0.03 0.02 <0.01 0.02 
  
18 
     
16.3 
 
18.9 
   
DAFWA G8100225 506941 8297061 29/03/11 
  
8.1 29 170 120 
  
0.92 
      
0.03 0.02 <0.01 0.02 
  
17 
     
16.5 
 
17.8 
   
DAFWA G8100225 506941 8297061 1/04/11 
  
8.0 29 160 230 
  
1.10 
      
0.07 0.01 <0.01 0.01 
  
18 
     
16.7 
 
19.4 
   
DAFWA G8100225 506941 8297061 5/04/11 
  
8.2 30 170 210 
  
1.20 
      
0.06 0.01 <0.01 0.01 
  
17 
     
17.4 
 
20.3 
   
DAFWA G8100225 506941 8297061 8/04/11 
  
7.9 30 170 110 
  
0.94 
      
0.04 0.01 <0.01 0.01 
  
17 
     
16.0 
 
18.5 
   
DAFWA G8100225 506941 8297061 12/04/11 
  
8.1 30 180 94 
  
0.92 
      
0.04 0.01 <0.01 0.01 
  
18 
     
16.5 
 
19.1 
   
DAFWA G8100225 506941 8297061 15/04/11 
  
7.9 30 170 100 
  
0.96 
      
0.03 0.01 <0.01 0.01 
  
17 
     
16.3 
 
18.9 
   
DAFWA G8100225 506941 8297061 19/04/11 
  
7.9 30 160 75 
  
0.88 
      
0.03 0.01 <0.01 0.01 
  
19 
     
15.6 
 
17.9 
   
DAFWA G8100225 506941 8297061 22/04/11 
  
8.1 30 170 62 
  
0.82 
      
0.02 0.01 <0.01 0.01 
  
16 
     
15.7 
 
18.2 
   
DAFWA G8100225 506941 8297061 26/04/11 
  
8.0 30 170 52 
  
0.85 
      
0.03 0.01 <0.01 0.01 
  
17 
     
16.3 
 
18.8 
   
DAFWA G8100225 506941 8297061 29/04/11 
  
7.9 30 150 54 
  
0.85 
      
0.03 0.01 <0.01 0.01 
  
18 
     
16.5 
 
18.9 
   
DAFWA G8100225 506941 8297061 3/05/11 
  
8.0 30 170 73 
  
1.00 
      
0.07 0.01 <0.01 0.01 
  
18 
     
16.6 
 
19.0 
   
DAFWA G8100225 506941 8297061 6/05/11 
  
8.0 29 170 68 
  
0.89 
      
0.04 0.01 <0.01 0.01 
  
20 
     
16.5 
 
19.0 
   
DAFWA G8100225 506941 8297061 10/05/11 
  
7.9 33 180 85 
  
0.65 
      
0.04 0.01 <0.01 0.01 
  
22 
     
20.5 
 
25.2 
   
DAFWA G8100225 506941 8297061 16/05/11 0.5 
 
7.7 40 230 27 
  
0.26 <0.01 <0.01 <0.01 
 
0.05 0.26 0.04 0.01 <0.01 0.01 
  
30 
     
29.8 
 
38.3 
   
DAFWA G8100225 506941 8297061 20/05/11 0.5 
 
7.7 43 260 15 
  
0.21 0.01 <0.01 0.01 
 
0.06 0.19 0.04 <0.01 <0.01 <0.01 
  
30 
     
28.3 
 
37.2 
   
DAFWA G8100225 506941 8297061 23/07/11 0.5 23.2 8.4 66 
                             
α
 Natural Resources, Environment and the Arts, database accessed 2010, Northern Territory Government. 
β 
Field, D 1988, Baseflow water quality surveys in rivers in the Northern Territory, Volume 12: The Keep River, Report No. 11/1988, Power and Water Authority, Darwin. 
γ 
Ribbons of Blue survey data reported in: Kinhill Pty. Ltd. 2000, Ord River Irrigation Area Stage 2, proposed development of the M2 area, Environmental Review and Management Programme Draft Environmental Impact Statement, Report prepared for 
Wesfarmers Sugar Company Pty. Ltd., Marubeni Corporation and the Water Corporation of Western Australia, Perth. 
δ 
Data from the Northern Territory Department of Lands, Planning and Environment  as reported in: Kinhill Pty. Ltd. 2000, Ord River Irrigation Area Stage 2, proposed development of the M2 area, Environmental Review and Management Programme Draft 
Environmental Impact Statement, Report prepared for Wesfarmers Sugar Company Pty. Ltd., Marubeni Corporation and the Water Corporation of Western Australia, Perth. 
ε
 Autosampler data from the Northern Territory Department of Lands, Planning and Environment as reported in: Kinhill Pty. Ltd. 2000, Ord River Irrigation Area Stage 2, proposed development of the M2 area, Environmental Review and Management Programme 
Draft Environmental Impact Statement, Report prepared for Wesfarmers Sugar Company Pty. Ltd., Marubeni Corporation and the Water Corporation of Western Australia, Perth. For this data the date shown is when samples were collected from the 
autosampler rather than the date they were sampled; sample date data is no longer available.  
ζ 
Larson, H 1999, Keep River Aquatic Fauna Survey, Museums and Art Galleries of the Northern Territory Research Report No. 4, Museums and Art Galleries of the Northern Territory, Darwin. 
θ 
Data provided in 2011 by Wetland Research & Management, Glen Forrest, WA. 
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Appendix F: Water quality data for Border Creek 
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NRETAS
α
 G8100106 501231 8297621 14/03/72 
     
90 
                           
NRETAS
α
 G8100106 501231 8297621 15/03/72 
     
95 
                           
NRETAS
α
 G8100106 501231 8297621 16/03/72 
     
73 
                           
NRETAS
α
 G8100106 501231 8297621 17/03/72 
     
45 
                           
NRETAS
α
 G8100106 501231 8297621 18/03/72 
     
36 
                           
NRETAS
α
 G8100106 501231 8297621 19/03/72 
     
9 
                           
NRETAS
α
 G8100106 501231 8297621 20/03/72 
     
37 
                           
NRETAS
α
 G8100106 501231 8297621 22/03/72 
     
22 
                           
NRETAS
α
 G8100106 501231 8297621 25/11/73 
     
179 
                           
NRETAS
α
 G8100106 501231 8297621 25/11/73 
     
203 
                           
NRETAS
α
 G8100106 501231 8297621 25/11/73 
     
165 
                           
NRETAS
α
 G8100106 501231 8297621 25/11/73 
     
186 
                           
NRETAS
α
 G8100106 501231 8297621 26/11/73 
     
147 
                           
NRETAS
α
 G8100106 501231 8297621 26/11/73 
     
148 
                           
NRETAS
α
 G8100106 501231 8297621 26/11/73 
     
118 
                           
NRETAS
α
 G8100106 501231 8297621 27/11/73 
     
134 
                           
NRETAS
α
 G8100106 501231 8297621 27/11/73 
     
106 
                           
NRETAS
α
 G8100106 501231 8297621 28/11/73 
     
104 
                           
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
6 
 
3342 
   
15.70 
     
0.12 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
3 
 
2351 
   
3.80 
     
0.13 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
5 
 
3351 
   
3.70 
     
0.11 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
5 
 
3037 
   
3.30 
     
0.13 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
4 
 
1058 
   
6.60 
     
0.19 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/12/97 
   
4 
 
645 
   
4.70 
     
0.23 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
9 
 
2580 
   
2.00 
     
0.07 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
4 
 
2132 
   
2.10 
     
0.11 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
2 
 
942 
   
3.90 
     
0.13 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
6 
 
2556 
   
2.50 
     
0.10 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
3 
 
932 
   
3.20 
     
0.12 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
2 
 
677 
   
1.00 
     
0.11 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
3 
 
1369 
   
1.30 
     
0.11 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
3 
 
1050 
   
1.40 
     
0.11 
                 
NT DLPE G8100106 501231 8297621 1/01/98 
   
4 
 
434 
   
<0.2 
     
0.09 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
4 
 
191 
   
<0.2 
     
0.06 
                 
Water quality in the lower Keep River 
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NT DLPE
ε
 G8100106 501231 8297621 1/01/98 
   
6 
 
151 
   
<0.2 
     
0.05 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
6 
 
135 
   
<0.2 
     
0.05 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
6 
 
113 
   
1.00 
  
0.84 
  
0.11 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
6 
 
99 
   
<1.0 
  
0.85 
  
0.13 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
7 
 
107 
   
1.00 
  
0.70 
  
0.08 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
7 
 
102 
   
<1.0 
  
0.57 
  
0.07 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
7 
 
103 
   
<1.0 
  
0.51 
  
0.08 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
7 
 
967 
   
10.00 
  
2.09 
  
0.19 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
7 
 
998 
   
1.00 
  
0.66 
  
0.21 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
4 
 
2146 
   
<1.0 
  
1.84 
  
0.22 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
4 
 
2081 
   
<1.0 
  
3.88 
  
0.09 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
3 
 
1154 
   
<1.0 
  
2.18 
  
0.18 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
3 
 
489 
   
<1.0 
  
0.94 
  
0.15 
                 
NT DLPE
ε
 G8100106 501231 8297621 1/02/98 
   
5 
 
205 
   
1.00 
  
1.05 
  
0.15 
                 
WRM (2011)
θ
 Nr. Keep R. 506883 8297624 28/07/04 
  
6.6 5 40 
 
2.0 
 
0.30 0.00 0.003 0.01 0.29 
  
0.02 
   
0.003 0.8 7.8 
   
1.0 1.0 6.5 24.8 0.6 
 
8 8 
WRM (2011)
θ
 Nr. Keep R. 506883 8297624 23/05/09 
   
31 170 
 
7.0 
 
0.28 <0.01 
  
0.28 
  
0.02 
 
<0.01 
  
27.1 23.0 
   
2.1 9.9 13.7 23.0 0.2 
 
120 
 
WRM (2011)
θ
 Site 1 506883 8297624 1/10/09 
 
29.2 7.2 27 266 
                           
4 
WRM (2011)
θ
 Site 2 506883 8297624 1/10/09 
 
28.9 8.2 34 344 
                           
7 
WRM (2011)
θ
 Site 3 506883 8297624 1/10/09 
 
28.8 8.1 37 358 
                           
6 
DAFWA G8100106 501231 8297621 10/06/10 
  
7.6 22 130 31 
  
0.24 <0.01 <0.01 <0.01 
 
0.15 0.24 0.02 <0.01 <0.01 <0.01 
  
29.0 
     
15.5 
 
0.4 
   
WRM (2011)
θ
 Nr. Keep R. 506883 8297624 13/06/10 
   
28 150 
 
7.4 
 
0.22 <0.01 
  
0.22 
  
0.01 
 
<0.01 
  
21.9 31.0 
   
2.6 7.0 15.2 22.0 0.3 
 
100 
 
DAFWA At NT border 506850 8297620 25/08/10 
 
33.0 7.9 27 
                             
DAFWA G8100106 501231 8297621 7/09/10 
                                 
WRM (2011)
θ
 Site 1 506883 8297624 16/09/10 
   
28 130 
 
2.2 
 
0.17 <0.01 
 
<0.01 0.17 
  
0.05 
 
<0.01 
  
27.3 24.0 
   
1.9 7.6 13.6 28.0 <0.5 
 
115 
 
WRM (2011)
θ
 Site 2 506883 8297624 16/09/10 
   
28 170 
 
1.9 
 
0.12 <0.01 
 
<0.01 0.12 
  
0.02 
 
<0.01 
  
30.2 24.0 
   
2.1 8.2 15.0 28.0 <0.5 
 
140 
 
WRM (2011)
θ
 Site 3 506883 8297624 16/09/10 
   
28 170 
 
3.5 
 
0.12 <0.01 
 
<0.01 0.12 
  
0.01 
 
<0.01 
  
28.6 24.0 
   
2.0 8.0 14.6 29.0 <0.5 
 
125 
 
DAFWA U/S of crossing 506850 8297620 25/11/10 
  
7.4 10 86 22 
  
0.30 <0.01 <0.01 <0.01 
 
0.17 0.28 0.02 0.02 <0.01 0.01 
  
9.0 
     
5.4 
 
0.3 
   
DAFWA G8100106 501231 8297621 30/12/10 
   
20 140 540 
  
21.00 
      
0.28 <0.01 
    
18.0 
     
19.5 
     
DAFWA G8100106 501231 8297621 21/01/11 
   
10 57 460 
  
14.00 
      
0.22 <0.01 
    
11.0 
     
4.5 
     
DAFWA G8100106 501231 8297621 21/01/11 
   
6 33 270 
  
4.50 
      
0.12 0.02 
    
3.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 22/01/11 
   
5 29 160 
  
1.90 
      
0.07 0.02 
    
4.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 22/01/11 
   
5 37 85 
  
2.30 
      
0.06 0.03 
    
3.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 22/01/11 
   
5 30 62 
  
1.50 
      
0.07 0.02 
    
3.0 
     
1.8 
     
DAFWA G8100106 501231 8297621 22/01/11 
   
6 54 44 
  
1.60 
      
0.06 0.02 
    
2.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 22/01/11 
   
6 34 24 
  
1.50 
      
0.08 0.03 
    
2.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 23/01/11 
   
6 35 46 
  
1.50 
      
0.07 0.02 
    
2.0 
     
1.9 
     
DAFWA G8100106 501231 8297621 23/01/11 
   
7 39 46 
  
1.50 
      
0.09 0.02 
    
1.0 
     
2.1 
     
Water quality in the lower Keep River  
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DAFWA G8100106 501231 8297621 23/01/11 
   
8 35 36 
  
3.40 
      
0.08 0.04 
    
<1 
     
2.5 
     
DAFWA G8100106 501231 8297621 23/01/11 
   
8 42 30 
  
2.50 
      
0.06 0.03 
    
1.0 
     
2.2 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
8 43 20 
  
1.40 
      
0.05 0.02 
    
2.0 
     
2.3 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
8 45 30 
  
1.40 
      
0.09 0.01 
    
2.0 
     
2.5 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
9 48 34 
  
1.20 
      
0.06 0.01 
    
2.0 
     
2.7 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
9 48 20 
  
1.10 
      
0.09 0.02 
    
2.0 
     
2.8 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
9 72 28 
  
1.20 
      
0.04 0.03 
    
<1 
     
3.1 
     
DAFWA G8100106 501231 8297621 24/01/11 
   
9 60 22 
  
1.20 
      
0.03 0.03 
    
<1 
     
2.8 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
8 64 24 
  
1.00 
      
0.06 0.03 
    
1.0 
     
2.7 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
8 68 28 
  
1.00 
      
0.08 0.03 
    
<1 
     
2.6 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
9 47 16 
  
1.00 
      
0.04 0.03 
    
2.0 
     
2.6 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
9 62 32 
  
1.10 
      
0.05 0.03 
    
2.0 
     
2.6 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
9 59 22 
  
0.96 
      
0.04 0.02 
    
2.0 
     
2.8 
     
DAFWA G8100106 501231 8297621 25/01/11 
   
9 76 22 
  
0.97 
      
0.05 0.03 
    
2.0 
     
3.1 
     
DAFWA G8100106 501231 8297621 15/02/11 
  
8.3 8 47 82 
  
0.54 <0.01 <0.01 0.01 
 
0.32 0.53 0.04 0.01 <0.01 0.02 
  
3.0 
     
3.1 
 
0.7 
   
DAFWA G8100106 501231 8297621 18/02/11 
  
5.4 12 NSS 190 
  
38.00 
      
0.10 0.06 <0.01 <0.01 
  
3.0 
     
3.9 
 
0.9 
   
DAFWA G8100106 501231 8297621 22/02/11 
  
6.0 14 NSS 130 
  
7.60 
      
0.07 0.04 <0.01 <0.01 
  
6.0 
     
4.1 
 
1.1 
   
DAFWA G8100106 501231 8297621 25/02/11 
  
5.9 11 100 100 
  
6.30 
      
0.07 0.06 <0.01 <0.01 
  
3.0 
     
2.4 
 
0.7 
   
DAFWA G8100106 501231 8297621 1/03/11 
  
5.8 11 110 90 
  
6.40 
      
0.07 0.08 <0.01 <0.01 
  
2.0 
     
2.0 
 
0.4 
   
DAFWA G8100106 501231 8297621 4/03/11 
  
5.9 12 110 88 
  
5.50 
      
0.07 0.04 <0.01 <0.01 
  
4.0 
     
1.9 
 
0.5 
   
DAFWA G8100106 501231 8297621 8/03/11 
  
5.9 12 110 110 
  
4.50 
      
0.07 0.03 <0.01 <0.01 
  
5.0 
     
2.7 
 
0.4 
   
DAFWA G8100106 501231 8297621 11/03/11 
  
5.8 11 110 120 
  
4.60 
      
0.08 0.07 <0.01 <0.01 
  
4.0 
     
2.5 
 
0.7 
   
DAFWA G8100106 501231 8297621 15/03/11 
  
6.0 14 120 99 
  
4.00 
      
0.05 0.03 <0.01 <0.01 
  
6.0 
     
2.5 
 
0.9 
   
DAFWA G8100106 501231 8297621 18/03/11 
  
6.0 43 290 140 
  
43.00 
      
9.80 8.80 9.00 9.00 
  
34.0 
     
6.6 
 
2.8 
   
DAFWA G8100106 501231 8297621 22/03/11 
  
6.2 16 180 120 
  
3.10 
      
0.12 0.02 <0.01 0.05 
  
11.0 
     
3.4 
 
0.7 
   
DAFWA G8100106 501231 8297621 25/03/11 
  
6.3 16 170 110 
  
3.60 
      
0.11 0.03 0.01 0.03 
  
9.0 
     
3.4 
 
1.0 
   
DAFWA G8100106 501231 8297621 29/03/11 
  
6.1 14 110 100 
  
2.90 
      
0.07 0.01 <0.01 0.01 
  
9.0 
     
2.6 
 
0.8 
   
DAFWA G8100106 501231 8297621 1/04/11 
  
7.0 14 NSS 140 
  
2.60 
      
0.08 0.03 <0.01 0.01 
  
8.0 
     
2.8 
 
0.7 
   
DAFWA G8100106 501231 8297621 5/04/11 
  
6.5 11 170 72 
  
3.20 
      
0.08 0.06 <0.01 0.01 
  
4.0 
     
2.4 
 
1.0 
   
DAFWA G8100106 501231 8297621 8/04/11 
  
6.4 10 140 86 
  
4.80 
      
0.37 0.36 0.18 0.32 
  
1.0 
     
1.9 
 
1.7 
   
DAFWA G8100106 501231 8297621 12/04/11 
  
6.6 14 110 110 
  
2.20 
      
0.08 0.02 <0.01 <0.01 
  
7.0 
     
3.0 
 
0.9 
   
DAFWA G8100106 501231 8297621 15/04/11 
  
6.6 18 140 200 
  
1.80 
      
0.10 0.02 <0.01 0.01 
  
11.0 
     
4.4 
 
1.4 
   
DAFWA G8100106 501231 8297621 19/04/11 
  
6.7 19 140 770 
  
1.90 
      
0.13 0.01 <0.01 0.01 
  
17.0 
     
5.4 
 
1.5 
   
DAFWA G8100106 501231 8297621 22/04/11 
  
6.8 19 120 570 
  
1.60 
      
0.10 <0.01 <0.01 <0.01 
  
21.0 
     
6.2 
 
1.6 
   
DAFWA G8100106 501231 8297621 26/04/11 
  
7.0 20 94 530 
  
1.30 
      
0.09 <0.01 <0.01 <0.01 
  
26.0 
     
7.1 
 
1.4 
   
DAFWA G8100106 501231 8297621 29/04/11 
  
7.0 19 110 360 
  
1.60 
      
0.10 0.01 <0.01 0.01 
  
22.0 
     
7.9 
 
1.2 
   
DAFWA G8100106 501231 8297621 3/05/11 
  
7.0 19 100 340 
  
1.20 
      
0.08 <0.01 <0.01 <0.01 
  
23.0 
     
9.0 
 
1.2 
   
DAFWA G8100106 501231 8297621 6/05/11 
  
6.9 19 120 2000 
  
0.99 
      
0.06 <0.01 <0.01 <0.01 
  
21.0 
     
10.1 
 
0.9 
   
DAFWA G8100106 501231 8297621 10/05/11 
  
6.7 18 120 85 
  
0.87 
      
0.05 0.01 <0.01 0.01 
  
18.0 
     
10.6 
 
0.8 
   
Water quality in the lower Keep River 
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ε
 Autosampler data from the Northern Territory Department of Lands, Planning and Environment as reported in: Kinhill Pty. Ltd. 2000, Ord River Irrigation Area Stage 2, proposed development of the M2 area, Environmental Review and Management Programme 
Draft Environmental Impact Statement, Report prepared for Wesfarmers Sugar Company Pty. Ltd., Marubeni Corporation and the Water Corporation of Western Australia, Perth. For this data the date shown is when samples were collected from the 
autosampler rather than the date they were sampled; sample date data is no longer available.  
θ 
Data provided in 2011 by Wetland Research & Management, Glen Forrest, WA. 
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Appendix G: Daily rainfall recorded in the Border Creek, 
Keep River and D4 catchments 
 
Figure G1 Daily rainfall recorded in the Keep River catchment 
 
Figure G2 Daily rainfall recorded in the Border Creek catchment 
 
Figure G3 Daily rainfall recorded in the D4 catchment
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Appendix H: Major metal concentrations in the K4 pool on 
1 September 2010 
Metal 
Concentration 
(mg/L) 
Al  0.033 
As  <0.001 
B  0.1 
Ba  0.09 
Be  <0.0001 
Bi  <0.0001 
Cd  <0.0001 
Co  <0.005 
CO3  <1 
Cr  <0.001 
Cu  <0.002 
Hg  <0.0001 
La  <0.005 
Li  <0.005 
Mn  0.21 
Mo  <0.001 
Ni  <0.001 
Pb  <0.0001 
Sb  <0.0001 
Se  <0.001 
Sn  <0.02 
Zn  0.007 
U  0.0002 
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Appendix I: Agricultural chemical concentrations in the K4 pool 
on 7 December 2010               
Chemical 
Concentration 
(µg/L) 
Aldrin <0.010 
Atrazine <0.10 
Dieldrin <0.010 
Diuron <0.50 
Endosulphan Sulfate <0.010 
Total Endosulphan <0.030 
Endosulphan_a <0.010 
Endosulphan_b <0.010 
Endrin <0.010 
Hexazinone <2.0 
Lindane <0.010 
Metolachlor <2.0 
Methoxychlor <0.010 
Simazine <0.50 
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Appendix J: D4 drain data  
Within the Ord River Irrigation Area (ORIA), the D4 drain collects discharge from 
approximately 5300 ha of developed irrigation land (plus 7600 of rangelands). The scale of 
the D4 catchment is similar to the 8000 ha of proposed Weaber Plain development. 
However, the proposed Weaber Plain development is contained within a much larger area of 
rangeland catchment (the 100 700 ha Border Creek catchment) meaning that there is a 
much lower proportion of high intensity farmland to low intensity rangeland land use. Also, 
the irrigated land within the D4 catchment has no tail water management incorporated into its 
design and so has uncontrolled discharge, whereas the Weaber Plain development will 
incorporate a tailwater capture and re-use system, so that runoff during the dry season is not 
unlikely. The absence of tailwater management plus the higher proportion of irrigation land in 
the D4 catchment mean that the characteristics of the D4 discharge should be considered 
beyond the worst case scenario for the Weaber Plains development. Notwithstanding these 
differences, the D4 data is highly relevant as a local example of what potential environmental 
pollutant concentrations could be expected in runoff from the Border Creek catchment as a 
worst case. 
Discharge from the D4 has been monitored, using a rated flume coupled with automatic 
stage recording equipment, by the Ord Irrigation Cooperative since 1998 (OIC/DOW, 2010). 
During this period regular (approximately monthly) samples have been collected and 
analysed for salinity and a large suite of nutrients and agricultural chemicals.  
Intensive flow proportional autosampling at the D4 outfall (to compliment the monthly regime) 
also commenced in 2010. Three intensive sampling periods have been undertaken; a two 
week period coinciding with the commencement of irrigation, a two week period in the middle 
of the irrigation season, and the entire wet season from November 2010 to mid May 2011.  
Analysis of long term rainfall records from the Ivanhoe district indicate that typical wet season 
includes the period November to April. During this period 95 per cent of the annual rainfall is 
received (on average since 1907), compared to just five per cent from May to October. 
However, it should be noted that in any particular season this may or may not correspond to 
significant rainfall falling during the wet season. February and March are when most rainfall 
typically occurs and is also the period when there is the highest probability of large events 
that generate the most runoff. 
Results  
Physico-chemical data summary 
Table J1 summarises the major water quality parameters of pH, Electrical conductivity (EC), 
Total Dissolved Solids (TDS), Turbidity, Total Suspended Solids (TSS), TN and TP for the 
D4 drain. The summary data has been separated into wet and dry seasons, with the high 
intensity flow-proportional data collected during 2010/11 reported separately. All of the 
available water physico-chemical data for the D4 (from which Table J1 was derived) is 
contained in Table J2.  
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Table J1 Summary of selected water quality parameters in the D4 drain  
Site   D4 D4 D4 D4 
Season   Dry Wet Dry Wet 
Sampled from 
 
1998 1998 2010 2010 
Sampled to 
 
2010 2010 2011 2011 
pH Mean 7.98 7.87 7.96 7.32 
 
Median 8.00 7.90 7.80 7.60 
 
Maximum 8.50 8.40 9.00 8.40 
 
Minimum 7.40 7.20 7.40 5.90 
 
80
th 
percentile 8.16 8.18 8.32 8.00 
 No. samples 23 24 50 45 
EC (mS/m) Mean 36 49 37 26 
  Median 31 34 37 32 
  Maximum 110 150 69 53 
  Minimum 17 7 18 7 
  80
th
 percentile 37 63 44 38 
  No. samples 50 51 50 45 
TDS (mg/L) Mean 
  
185 128 
 
Median 
  
185 140 
 
Maximum 
  
320 320 
 
Minimum 
  
130 41 
 
80
th
 percentile 
 
63 160 
 No. samples 0 0 50 45 
Turbidity (NTU) Mean 135 274     
  Median 51 91     
  Maximum 2000 2000     
  Minimum 2 2     
  80
th
 percentile 105 198     
  No. samples 23 24 0 0 
TSS (mg/L) Mean 71 418 55 426 
 
Median 36 167 39 360 
 
Maximum 1550 2410 260 1300 
 
Minimum 1 1 14 22 
 
80
th
 percentile 71 700 74 600 
 No. samples 63 111 49 45 
TN (mg/L) Mean 0.77 1.25 1.82 1.08 
  Median 0.56 0.95 1.90 0.99 
  Maximum 4.20 4.30 3.90 3.10 
  Minimum 0.21 0.21 0.22 0.31 
  80
th
 percentile 0.87 1.80 2.64 1.20 
  No. samples 45 95 50 45 
TP (mg/L) Mean 0.11 0.18 0.06 0.19 
 
Median 0.08 0.14 0.06 0.19 
 
Maximum 0.52 0.61 0.18 0.54 
 
Minimum 0.02 0.03 0.02 0.09 
 
80
th
 percentile 0.11 0.29 0.07 0.24 
 No. samples 61 108 50 45 
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Figure J1 shows the D4 daily flow-rate and EC data (OIC/DOW, 2010), together with the 
daily rainfall recorded at the Ivanhoe rain gauge from 1998–2010. Although there are several 
periods when flow data is unavailable, it is evident that the large flow events coincide with 
large rainfall events during the wet seasons. Peak wet season discharge rates can be orders 
of magnitude higher than in the dry season. More stable periods of low flow occur during the 
dry seasons, when a combination of irrigation tailwater, direct releases from the supply 
channel and groundwater exfiltration contribute to the flow. 
 
Figure J1 The daily flow rate and EC at the D4 drain outlet between 1998 and 2010, together with daily 
rainfall recorded at the Ivanhoe rain gauge  
The dry season discharge rate between 1998 and 2002 is in the order of 300 ML/day. This 
rate reduces after 2007 to around 100 ML/day, on average. This reduction can be attributed 
to better water delivery and irrigation practices being implemented as well as reduced 
groundwater discharge into the drain. Smith et al. (submitted) reports that groundwater levels 
in the area peaked in 2000 (following 40 years of gradual rise supplemented by the above-
average wet season rainfall in 2000 and 2001) and then stabilised or relaxed in areas close 
to main drainage system. This suggests that groundwater does make a significant 
contribution to D4 discharge rates. However, Smith et al (submitted) estimated, using Radon 
tracing techniques, that the groundwater contribution to the D4 flow was between three and 
seven per cent of typical dry season flow (in August 2007). Most of this was apparently 
derived from the four kilometre long section of drain located above the palaeochannel 
sediments. 
There is no statistically significant trend in EC over time. The mean and median EC values in 
the D4 discharge are 39 and 32 mS/m respectively. The mean wet season and dry season 
EC values are 49 and 36 mS/m respectively. These are not significantly different (95 per cent 
confidence), probably mainly because of the greater variability in the values observed during 
the wet seasons. 
In Figure J1, there are several high EC observations (up to 150 mS/m) that appear to be 
outliers. However, comparison of discharge rate and EC data indicates that, in general, the 
higher EC values correspond to periods of low discharge rate (less that 65 ML/d). These high 
EC and low discharge observations always occur either at the beginning or the end of the 
wet season, when the application of irrigation water has all but ceased and there is no runoff 
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directly generated by rainfall. This suggests that the base flow in the D4 is comprised of a 
very high proportion of higher EC groundwater and is the reason for the elevated EC 
observations at these times.  
From Table J1, the Turbidity and TSS are much higher in the wet than the dry season, 
probably reflecting the higher sediment load coming from soil erosion resulting from higher 
water velocities as a result of the higher rainfall intensity and flow rates during this period. 
TP concentrations are also much higher during the wet season, which may be linked to the 
increased transport of soil particles and flocculates, as indicated by the higher sediment 
concentrations. Historically the concentration of TN is also much higher during the wet 
season. However, this trend was reversed during the 2010/11 monitoring period.  
Agricultural chemical data summary 
All available agricultural chemical data for the D4 drain discharge is contained in Table J3. Of 
the 47 agricultural chemicals analysed for (analysis undertaken more than 77 times for most 
chemicals over the period 1998 to 2010) in the D4 discharge, only 3 chemicals were 
detected at levels above the limit of detection/reporting. Atrazine was detected in 38 samples 
of 77 analysed and Endosulfan in 13 of 88. For Atrazine, 13 of the 38 detections were above 
the ANZECC/ARMCANZ (2000) ‘99 % species protection level’ guideline concentration (0.70 
µg/L), while Endosulfan exceeded its level (0.030 µg/L) in 9 out of the 13 detections. The 
median concentrations of both chemicals were below the ANZECC/ARMCANZ (2000) 
guidelines. Chlordane, the third chemical detected, was detected once in 77 samples at a 
concentration of 0.03 µg/L—equal to the ANZECC/ARMCANZ (2000) ‘99 % species 
protection level’ concentration. 
During the intensive flow proportional sampling undertaken during 2010/11, Atrazine was 
detected (above LOR) six times in 29 samples, while Total Endosulfan was detected in four 
of the 29 samples. The median concentrations of Atrazine and Endosulfan were 0.01 µg/L 
and 0.03 µg/L respectively, over this period. No other agricultural chemical was detected 
above the LOR. During the 2010/2011 wet season neither Atrazine or Endosulfan were 
detected above the LOR in the 10 samples collected. No other agricultural chemical was 
detected above the LOR in either the wet or dry season during the 2010/11 sampling 
program. 
Metals and major ion data summary 
The concentration of metals in a sample of D4 drain water obtained on the 27th of August 
2010 is shown in Table J4. The only metal detected above the ANZECC/ARMCANZ (2000) 
‘99 % species protection level’ concentration for freshwater (for those metals that have had a 
protection concentration defined) was Zn. On this occasion the concentration of Zn was 
0.006 µg/L; about twice the ANZECC/ARMCANZ (2000) recommended level. 
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Table J2 Water quality data for D4 drain 
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0.07 
             
OIC/DoW
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0.08 
             
OIC/DoW
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 HFC
¥
 469327 8277742 6/03/07 
 
 
7.7 45 
 
408 600 
 
1.10 0.59 <0.01 0.06 0.49 
  
0.23 
   
0.10 
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OIC/DoW
ξ
 HFC
¥
 469327 8277742 3/04/07 
 
 
8.3 31 
 
44 81 
 
0.41 0.11 <0.01 0.03 0.30 
  
0.05 
   
0.03 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 1/05/07 
 
 
7.6 31 
 
61 69 
 
0.89 0.08 0.01 0.06 0.81 
  
0.18 
   
0.14 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 29/05/07 
 
 
8.1 28 
 
38 52 
 
0.54 0.11 <0.01 0.03 0.43 
  
0.10 
   
0.07 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 26/06/07 
 
 
7.8 30 
 
84 120 
 
4.20 3.30 0.10 0.04 0.91 
  
0.23 
   
0.16 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 24/07/07 
 
 
8.2 31 
 
44 51 
 
0.80 0.11 0.03 0.08 0.69 
  
0.08 
   
0.06 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 24/07/07 
 
19.6 
 
28 
 
                            
OIC/DoW
ξ
 HFC
¥
 469327 8277742 21/08/07 
 
 
8.3 30 
 
46 51 
 
0.66 0.09 <0.01 0.02 0.57 
  
0.07 
   
0.04 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 18/09/07 
 
 
7.8 33 
 
22 31 
 
0.48 0.02 <0.01 0.04 0.46 
  
0.09 
   
0.06 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 16/10/07 
 
 
8.4 42 
 
8 9 
 
1.70 0.02 <0.01 0.02 1.60 
  
0.31 
   
0.05 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 13/11/07 
 
 
8.1 108 
 
5 12 
 
0.37 <0.01 <0.01 0.01 0.36 
  
0.05 
   
0.03 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 11/12/07 
 
 
8.4 67 
 
9 64 
 
0.56 0.01 <0.01 0.02 0.55 
  
0.09 
   
0.04 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 8/01/08 
 
 
7.3 26 
 
778 1400 
 
1.20 0.13 0.02 0.07 1.10 
  
0.28 
   
0.07 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 5/02/08 
 
 
7.9 118 
 
42 100 
 
0.40 0.02 <0.01 0.02 0.38 
  
0.08 
   
0.04 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 4/03/08 
 
 
7.5 14 
 
97 120 
 
0.64 <0.01 <0.01 0.07 0.63 
  
0.11 
   
0.07 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 1/04/08 
 
 
8.3 50 
 
20 46 
 
0.66 0.07 0.01 0.03 0.59 
  
0.06 
   
0.03 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 29/04/08 
 
 
8.3 34 
 
45 56 
 
1.30 0.89 0.02 0.02 0.39 
  
0.04 
   
0.02 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 27/05/08 
 
 
8.0 31 
 
131 130 
 
0.95 0.50 <0.01 0.08 0.45 
  
0.10 
   
0.07 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 24/06/08 
 
 
8.1 37 
 
24 36 
 
0.67 0.14 
 
0.06 0.53 
  
0.06 
   
0.05 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 22/07/08 
 
 
8.0 32 
 
125 130 
 
0.64 0.17 0.01 0.02 0.47 
  
0.10 
   
0.03 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 19/08/08 
 
 
8.2 37 
 
19 23 
 
0.76 0.14 <0.01 0.03 0.62 
  
0.07 
   
0.02 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 16/09/08 
 
29.2 
 
35 
 
                            
OIC/DoW
ξ
 HFC
¥
 469327 8277742 16/09/08 
 
 
7.8 35 
 
65 83 
 
0.85 0.41 0.03 0.03 0.44 
  
0.06 
   
0.01 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 13/10/08 
 
 
8.1 66 
 
3 4 
 
0.35 0.05 <0.01 0.02 0.30 
  
0.04 
   
0.02 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 13/10/08 
 
27.8 
 
67 
 
                            
OIC/DoW
ξ
 HFC
¥
 469327 8277742 11/11/08 
 
 
7.9 35 
 
1 5 
 
0.47 <0.01 <0.01 0.01 0.46 
  
0.15 
   
0.10 20.0 30.0 0.3 0.063 
 
4.0 11.0 30.0 
 
9.0 
 
140 
 
OIC/DoW
ξ
 HFC
¥
 469327 8277742 11/11/08 
 
30.6 
 
35 
 
                            
OIC/DoW
ξ
 HFC
¥
 469327 8277742 2/12/08 
 
 
7.3 45 
 
66 85 
 
0.77 <0.01 <0.01 0.05 0.76 
  
0.23 
   
0.10 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 2/12/08 
 
30.9 
 
47 
 
                            
OIC/DoW
ξ
 HFC
¥
 469327 8277742 31/03/09 
 
 
8.1 65 
 
50 53 
 
0.55 0.06 <0.01 0.01 0.49 
  
0.06 
   
0.01 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 31/03/09 
 
29.5 
 
64 
 
                            
OIC/DoW
ξ
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¥
 469327 8277742 28/04/09 
 
 
8.3 35 
 
113 100 
 
0.58 0.16 <0.01 0.02 0.41 
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OIC/DoW
ξ
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¥
 469327 8277742 26/05/09 
 
 
8.0 24 
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0.08 
   
0.03 
             
OIC/DoW
ξ
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¥
 469327 8277742 23/06/09 
 
 
7.9 38 
 
50 53 
 
0.58 0.13 <0.01 0.03 0.45 
  
0.09 
   
0.06 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 21/07/09 
 
 
7.4 35 
 
26 40 
 
0.35 0.05 <0.01 0.01 0.30 
  
0.09 
   
0.06 
             
Water quality in the lower Keep River  
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ξ
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¥
 469327 8277742 18/08/09 
 
 
8.1 35 
 
8 17 
 
0.48 0.14 0.01 0.03 0.33 
  
0.07 
   
0.05 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 16/09/09 
 
 
8.1 38 
 
4 3 
 
0.46 <0.01 <0.01 <0.01 0.45 
  
0.11 
   
0.08 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 13/10/09 
 
 
8.5 37 
 
1 5 
 
0.38 <0.01 <0.01 <0.01 0.37 
  
0.06 
   
0.04 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 17/11/09 
 
 
7.9 95 
 
2 4 
 
0.36 0.02 <0.01 0.01 0.34 
  
0.07 
   
0.05 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 8/12/09 
 
 
7.8 110 
 
1 2 
 
0.41 0.02 <0.01 0.02 0.39 
  
0.10 
   
0.07 
             
OIC/DoW
ξ
 HFC
¥
 469327 8277742 19/01/10 
 
 
7.4 17 
 
1550 2000 
 
1.70 0.96 0.02 0.04 0.76 
  
0.52 
   
0.05 
             
DAFWA D4 GS
π
 469855 8278384 7/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 7/06/10 
  
8.6 61 300 42 
  
1.70 0.18 <0.01 <0.01 
 
0.68 1.50 0.07 0.01 0.01 0.01 
  
41.0 
     
82.9 
 
46.3 
   
DAFWA D4 GS
π
 469855 8278384 8/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 8/06/10 
  
8.3 69 320 34 
  
3.40 <0.01 <0.01 0.01 
 
1.70 3.40 0.04 0.01 0.01 0.01 
  
41.0 
     
90.2 
 
53.0 
   
DAFWA D4 GS
π
 469855 8278384 9/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 9/06/10 
  
7.7 49 220 34 
  
2.50 0.02 <0.01 <0.01 
 
1.10 2.50 0.04 0.01 0.01 0.02 
  
25.0 
     
52.1 
 
18.9 
   
DAFWA D4 GS
π
 469855 8278384 10/06/10 
  
7.6 39 150 36 
  
3.60 0.10 <0.01 <0.01 
 
1.70 3.50 0.04 0.01 0.01 0.01 
  
14.0 
     
34.8 
 
12.3 
   
DAFWA D4 GS
π
 469855 8278384 11/06/10 
  
7.7 44 200 39 
  
3.60 0.39 <0.01 <0.01 
 
1.70 3.20 0.05 0.02 0.02 0.02 
  
17.0 
     
38.7 
 
19.3 
   
DAFWA D4 GS
π
 469855 8278384 11/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 12/06/10 
  
7.9 21 140 35 
  
3.20 0.03 <0.01 <0.01 
 
1.60 3.20 0.07 0.01 0.01 0.02 
  
13.0 
     
33.4 
 
12.7 
   
DAFWA D4 GS
π
 469855 8278384 12/06/10 
  
7.6 20 170 38 
  
2.20 0.10 <0.01 <0.01 
 
1.20 2.10 0.05 0.01 0.01 0.02 
  
14.0 
     
34.6 
 
11.8 
   
DAFWA D4 GS
π
 469855 8278384 13/06/10 
  
7.7 21 150 71 
  
1.10 0.06 <0.01 <0.01 
 
0.69 1.00 0.06 0.01 0.01 0.01 
  
14.0 
     
27.1 
 
9.1 
   
DAFWA D4 GS
π
 469855 8278384 13/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 13/06/10 
  
7.6 18 130 79 
  
2.10 0.37 <0.01 0.01 
 
2.10 1.70 0.06 0.02 0.02 0.02 
  
10.0 
     
25.8 
 
7.8 
   
DAFWA D4 GS
π
 469855 8278384 14/06/10 
  
7.5 28 150 52 
  
1.90 <0.01 <0.01 0.06 
 
0.84 1.80 0.06 0.02 0.01 0.01 
  
10.0 
     
24.9 
 
7.5 
   
DAFWA D4 GS
π
 469855 8278384 14/06/10 
  
7.5 28 150 73 
  
2.10 0.38 <0.01 0.05 
 
1.10 1.60 0.07 0.03 0.01 0.01 
  
13.0 
     
25.8 
 
8.8 
   
DAFWA D4 GS
π
 469855 8278384 14/06/10 
  
7.6 30 160 65 
  
1.90 0.03 <0.01 <0.01 
 
0.99 1.90 0.04 0.01 0.01 0.01 
  
14.0 
     
30.0 
 
11.3 
   
DAFWA D4 GS
π
 469855 8278384 15/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 15/06/10 
  
7.6 30 150 79 
  
3.50 <0.01 <0.01 0.89 
 
1.60 2.60 0.18 0.10 0.01 0.02 
  
12.0 
     
26.8 
 
10.2 
   
DAFWA D4 GS
π
 469855 8278384 16/06/10 
  
7.7 30 160 51 
  
1.90 0.04 0.01 0.59 
 
0.81 1.30 0.10 0.05 0.01 0.01 
  
11.0 
     
29.4 
 
9.6 
   
DAFWA D4 GS
π
 469855 8278384 17/06/10 
  
7.6 29 130 55 
  
2.20 <0.01 <0.01 0.15 
 
1.00 2.00 0.07 0.03 0.01 0.01 
  
14.0 
     
27.3 
 
9.4 
   
DAFWA D4 GS
π
 469855 8278384 17/06/10 
  
7.6 31 130 33 
  
2.00 <0.01 <0.01 0.01 
 
0.97 2.00 0.05 0.01 0.01 0.01 
  
14.0 
     
29.6 
 
10.6 
   
DAFWA D4 GS
π
 469855 8278384 18/06/10 
  
7.5 29 150 72 
  
1.50 0.03 <0.01 0.01 
 
1.20 1.40 0.06 0.02 0.02 0.02 
  
17.0 
     
26.5 
 
8.4 
   
DAFWA D4 GS
π
 469855 8278384 18/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 18/06/10 
  
7.7 31 150 27 
  
1.90 0.01 <0.01 0.15 
 
0.67 1.70 0.10 0.04 0.01 0.01 
  
15.0 
     
27.2 
 
9.1 
   
DAFWA D4 GS
π
 469855 8278384 19/06/10 
  
7.7 29 150 55 
  
1.60 0.33 0.01 0.03 
 
0.77 1.20 0.09 0.03 0.01 0.01 
  
13.0 
     
26.9 
 
8.4 
   
DAFWA D4 GS
π
 469855 8278384 19/06/10 
  
7.7 27 150 63 
  
0.88 0.12 0.01 0.01 
 
0.55 0.75 0.07 0.03 0.01 0.02 
  
12.0 
     
25.9 
 
7.7 
   
DAFWA D4 GS
π
 469855 8278384 19/06/10 
  
7.6 28 160 37 
  
1.60 0.21 <0.01 <0.01 
 
1.20 1.40 0.04 0.02 0.02 0.02 
  
13.0 
     
26.0 
 
7.6 
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DAFWA D4 GS
π
 469855 8278384 20/06/10 
  
7.7 26 130 99 
  
0.83 0.04 <0.01 <0.01 
 
0.40 0.79 0.06 0.02 0.01 0.01 
  
11.0 
     
24.1 
 
7.1 
   
DAFWA D4 GS
π
 469855 8278384 20/06/10 
  
7.8 29 160 91 
  
0.82 0.10 <0.01 0.01 
 
0.37 0.71 0.06 0.02 0.01 0.01 
  
12.0 
     
24.9 
 
7.6 
   
DAFWA D4 GS
π
 469855 8278384 20/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 20/06/10 
  
7.6 27 150 71 
  
1.10 0.06 <0.01 <0.01 
 
0.47 1.00 0.05 0.02 0.01 0.01 
  
10.0 
     
24.1 
 
7.2 
   
DAFWA D4 GS
π
 469855 8278384 21/06/10 
  
7.7 28 150 76 
  
0.79 0.07 <0.01 <0.01 
 
0.46 0.72 0.05 0.01 0.01 0.01 
  
13.0 
     
25.3 
 
7.8 
   
DAFWA D4 GS
π
 469855 8278384 21/06/10 
  
7.8 29 160 85 
  
0.81 0.17 <0.01 <0.01 
 
0.49 0.64 0.06 0.01 0.01 0.01 
  
18.0 
     
26.2 
 
8.9 
   
DAFWA D4 GS
π
 469855 8278384 21/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 21/06/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 24/08/10 0.5 
 
9.0 32 200 100 
  
0.49 <0.01 <0.01 0.02 
 
0.39 0.46 0.04 0.04 0.03 0.03 
  
24.0 
     
29.4 
 
7.2 
   
DAFWA D4 GS
π
 469855 8278384 27/08/10 0.1 27.8 8.0 37 190 
   
0.30 <0.01 
 
<0.01 
   
0.03 
 
0.01 
  
20.0 30.0 0.27 0.02 159 3.6 11.2 39.6 
 
9.5 96 130 5.9 
DAFWA D4 GS
π
 469855 8278384 6/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 6/09/10 0.5 
 
8.5 41 210 29 
  
0.22 <0.01 <0.01 <0.01 
 
0.21 0.20 0.03 0.03 0.03 0.03 
  
31.0 
     
36.3 
 
7.6 
   
DAFWA D4 GS
π
 469855 8278384 7/09/10 
  
8.7 42 220 30 
  
1.50 0.11 <0.01 0.68 
 
1.40 0.69 0.07 0.07 0.06 0.06 
  
31.0 
     
37.4 
 
7.5 
   
DAFWA D4 GS
π
 469855 8278384 8/09/10 
  
8.7 41 240 21 
  
3.70 <0.01 <0.01 0.15 
 
3.30 3.50 0.06 0.02 0.03 0.03 
  
29.0 
     
34.6 
 
7.2 
   
DAFWA D4 GS
π
 469855 8278384 8/09/10 
  
8.3 42 220 21 
  
2.20 0.03 0.04 0.21 
 
2.00 1.90 0.08 0.02 0.02 0.04 
  
27.0 
     
35.3 
 
7.0 
   
DAFWA D4 GS
π
 469855 8278384 8/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 9/09/10 
  
8.2 40 210 21 
  
3.10 0.09 <0.01 <0.01 
 
2.60 3.00 0.07 0.05 0.03 0.03 
  
27.0 
     
34.9 
 
6.7 
   
DAFWA D4 GS
π
 469855 8278384 9/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 9/09/10 
  
8.5 40 210 28 
  
2.00 <0.01 <0.01 0.59 
 
1.90 1.40 0.05 0.05 0.03 0.05 
  
24.0 
     
32.0 
 
6.7 
   
DAFWA D4 GS
π
 469855 8278384 9/09/10 
  
8.2 40 210 14 
  
1.90 <0.01 <0.01 0.25 
 
1.80 1.70 0.05 0.03 0.02 0.04 
  
27.0 
     
32.3 
 
6.7 
   
DAFWA D4 GS
π
 469855 8278384 10/09/10 
  
8.1 38 180 31 
  
1.30 0.12 0.01 0.27 
 
1.20 0.87 0.03 0.03 0.02 0.03 
  
24.0 
     
30.4 
 
6.5 
   
DAFWA D4 GS
π
 469855 8278384 11/09/10 
  
8.5 40 200 17 
  
1.90 0.04 <0.01 <0.01 
 
1.50 1.90 0.06 0.04 0.03 0.03 
  
29.0 
     
40.2 
 
7.8 
   
DAFWA D4 GS
π
 469855 8278384 11/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 11/09/10 
  
8.1 49 240 42 
  
0.85 <0.01 <0.01 0.10 
 
0.77 0.74 0.04 0.04 0.02 0.03 
  
35.0 
     
40.8 
 
8.0 
   
DAFWA D4 GS
π
 469855 8278384 12/09/10 
  
8.2 44 180 54 
  
0.97 <0.01 0.01 0.17 
 
0.88 0.79 0.02 0.02 0.02 0.02 
  
32.0 
     
38.7 
 
7.8 
   
DAFWA D4 GS
π
 469855 8278384 13/09/10 
  
8.4 43 190 32 
  
2.60 0.28 <0.01 0.04 
 
2.20 2.30 0.03 0.03 0.03 0.03 
  
32.0 
     
38.6 
 
7.5 
   
DAFWA D4 GS
π
 469855 8278384 13/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 14/09/10 
  
8.5 43 190 36 
  
3.00 0.17 <0.01 <0.01 
 
2.50 2.80 0.03 0.03 0.03 0.03 
  
35.0 
     
41.7 
 
7.6 
   
DAFWA D4 GS
π
 469855 8278384 14/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 15/09/10 
  
8.2 44 190 32 
  
2.60 0.09 <0.01 0.02 
 
2.30 2.50 0.02 0.02 0.02 0.02 
  
33.0 
     
40.0 
 
7.7 
   
DAFWA D4 GS
π
 469855 8278384 16/09/10 
  
8.3 47 180 22 
  
2.80 <0.01 <0.01 0.32 
 
2.60 2.50 0.03 0.03 0.02 0.03 
  
39.0 
     
41.7 
 
7.9 
   
DAFWA D4 GS
π
 469855 8278384 17/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 17/09/10 
  
8.4 44 190 17 
  
0.99 0.21 <0.01 0.30 
 
0.88 0.48 0.03 0.03 0.03 0.03 
  
37.0 
     
41.0 
 
7.8 
   
DAFWA D4 GS
π
 469855 8278384 18/09/10 
  
8.2 52 210 20 
  
1.50 0.08 <0.01 0.08 
 
1.30 1.40 0.02 0.02 0.01 0.02 
  
46.0 
     
49.5 
 
8.8 
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DAFWA D4 GS
π
 469855 8278384 21/09/10 
  
8.0 45 190 16 
  
3.90 0.21 0.01 <0.01 
 
3.30 3.60 0.02 0.02 0.02 0.02 
  
46.0 
     
40.1 
 
8.3 
   
DAFWA D4 GS
π
 469855 8278384 21/09/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 26/11/10 0.5 
 
7.8 22 210 22 
  
0.31 <0.01 <0.01 0.02 
 
0.23 0.31 0.09 0.08 0.03 0.05 
  
38.0 
     
45.9 
 
7.2 
   
DAFWA D4 GS
π
 469855 8278384 30/11/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 3/12/10 
  
8.4 53 320 22 
  
1.10 
      
0.18 0.12 
    
20.0 
     
39.5 
     
DAFWA D4 GS
π
 469855 8278384 7/12/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 7/12/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 10/12/10 
  
8.3 45 270 210 
  
1.20 
      
0.13 0.03 
    
17.0 
     
32.8 
     
DAFWA D4 GS
π
 469855 8278384 14/12/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 17/12/10 
  
8.3 40 230 140 
  
0.80 
      
0.12 0.05 
    
15.0 
     
26.8 
     
DAFWA D4 GS
π
 469855 8278384 23/12/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 24/12/10 
  
8.2 44 250 34 
  
0.69 
      
0.09 0.04 
    
22.0 
     
40.0 
     
DAFWA D4 GS
π
 469855 8278384 30/12/10 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 31/12/10 
  
7.6 26 160 1300 
  
1.90 
      
0.27 0.02 
    
14.0 
     
18.1 
     
DAFWA D4 GS
π
 469855 8278384 10/01/11 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 18/01/11 
  
6.8 12 65 830 
  
1.20 
      
0.19 <0.01 
    
7.0 
     
7.0 
     
DAFWA D4 GS
π
 469855 8278384 20/01/11 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 21/01/11 
  
6.5 11 60 1200 
  
2.90 
      
0.54 <0.01 
    
8.0 
     
4.5 
     
DAFWA D4 GS
π
 469855 8278384 21/01/11 
  
6.5 12 64 1100 
  
3.10 
      
0.33 0.02 
    
8.0 
     
5.8 
     
DAFWA D4 GS
π
 469855 8278384 22/01/11 
  
6.5 11 58 550 
  
2.20 
      
0.22 0.05 
    
6.0 
     
5.6 
     
DAFWA D4 GS
π
 469855 8278384 22/01/11 
  
6.1 10 56 440 
  
1.70 
      
0.21 0.06 
    
6.0 
     
5.4 
     
DAFWA D4 GS
π
 469855 8278384 22/01/11 
  
6.2 9 77 310 
  
1.50 
      
0.13 0.04 
    
7.0 
     
4.7 
     
DAFWA D4 GS
π
 469855 8278384 22/01/11 
  
6.4 10 68 210 
  
1.10 
      
0.15 0.03 
    
7.0 
     
4.7 
     
DAFWA D4 GS
π
 469855 8278384 22/01/11 
  
6.2 10 55 120 
  
0.99 
      
0.10 0.04 
    
6.0 
     
4.8 
     
DAFWA D4 GS
π
 469855 8278384 23/01/11 
  
6.3 10 54 86 
  
0.69 
      
0.11 0.03 
    
6.0 
     
5.3 
     
DAFWA D4 GS
π
 469855 8278384 25/01/11 
  
6.4 12 84 120 
  
0.61 
      
0.09 0.03 
    
6.0 
     
6.6 
     
DAFWA D4 GS
π
 469855 8278384 29/01/11 
  
6.6 15 110 580 
  
0.99 
      
0.20 0.01 
    
15.0 
     
9.4 
     
DAFWA D4 GS
π
 469855 8278384 4/02/11 
  
6.7 20 110 260 
  
0.94 
      
0.13 0.01 
    
15.0 
     
20.5 
     
DAFWA D4 GS
π
 469855 8278384 6/02/11 
  
6.0 8 41 1000 
  
1.10 
      
0.19 0.04 
    
9.0 
     
4.3 
     
DAFWA D4 GS
π
 469855 8278384 6/02/11 
  
5.9 7 56 200 
  
0.64 
      
0.10 0.05 
    
5.0 
     
4.1 
     
DAFWA D4 GS
π
 469855 8278384 7/02/11 
  
6.0 8 68 94 
  
1.20 
      
0.19 0.15 
    
6.0 
     
4.9 
     
DAFWA D4 GS
π
 469855 8278384 8/02/11 
  
6.6 12 85 280 
  
0.91 
      
0.16 0.05 
    
8.0 
     
7.5 
     
DAFWA D4 GS
π
 469855 8278384 9/02/11 
  
6.4 11 61 830 
  
1.00 
      
0.31 0.06 
    
6.0 
     
6.9 
     
DAFWA D4 GS
π
 469855 8278384 11/02/11 0.5 
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DAFWA D4 GS
π
 469855 8278384 15/02/11 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 15/02/11 0.5 
 
7.9 8 45 87 
  
0.62 0.07 <0.01 0.01 
 
0.33 0.54 0.13 0.05 0.04 0.06 
  
6.0 
     
5.7 
 
3.9 
   
DAFWA D4 GS
π
 469855 8278384 19/02/11 
  
7.6 32 140 230 
  
1.10 
      
0.23 0.06 0.07 0.08 
  
39.0 
     
29.1 
 
21.7 
   
DAFWA D4 GS
π
 469855 8278384 22/02/11 
  
7.8 34 150 410 
  
1.40 
      
0.26 0.07 0.02 0.02 
  
42.0 
     
32.8 
 
24.8 
   
DAFWA D4 GS
π
 469855 8278384 26/02/11 
  
8.0 33 150 360 
  
1.00 
      
0.22 0.09 0.04 0.04 
  
41.0 
     
31.2 
 
23.5 
   
DAFWA D4 GS
π
 469855 8278384 1/03/11 
  
8.1 34 150 360 
  
1.20 
      
0.25 0.08 0.03 0.04 
  
43.0 
     
32.5 
 
24.7 
   
DAFWA D4 GS
π
 469855 8278384 5/03/11 
  
8.2 33 150 520 
  
0.86 
      
0.23 0.10 0.09 0.10 
  
43.0 
     
31.1 
 
23.8 
   
DAFWA D4 GS
π
 469855 8278384 8/03/11 
  
7.9 34 150 330 
  
0.99 
      
0.23 0.05 0.02 0.03 
  
40.0 
     
30.4 
 
22.9 
   
DAFWA D4 GS
π
 469855 8278384 12/03/11 
  
7.5 36 160 320 
  
1.10 
      
0.23 0.05 0.04 0.05 
  
51.0 
     
30.0 
 
22.8 
   
DAFWA D4 GS
π
 469855 8278384 15/03/11 
  
8.2 33 150 340 
  
1.00 
      
0.24 0.10 0.09 0.10 
  
43.0 
     
31.1 
 
24.1 
   
DAFWA D4 GS
π
 469855 8278384 19/03/11 
  
7.9 31 130 600 
  
0.76 
      
0.23 0.07 0.06 0.07 
  
40.0 
     
27.7 
 
21.1 
   
DAFWA D4 GS
π
 469855 8278384 22/03/11 
  
8.0 32 130 840 
  
0.92 
      
0.25 0.10 0.06 0.06 
  
41.0 
     
30.7 
 
23.8 
   
DAFWA D4 GS
π
 469855 8278384 26/03/11 
  
8.0 36 140 690 
  
1.20 
      
0.27 0.08 0.02 0.04 
  
44.0 
     
33.5 
 
25.9 
   
DAFWA D4 GS
π
 469855 8278384 29/03/11 
  
7.8 39 160 510 
  
0.86 
      
0.20 0.07 0.03 0.03 
  
43.0 
     
35.4 
 
27.7 
   
DAFWA D4 GS
π
 469855 8278384 2/04/11 
  
7.8 35 130 600 
  
0.97 
      
0.24 0.04 0.06 0.07 
  
40.0 
     
30.2 
 
23.4 
   
DAFWA D4 GS
π
 469855 8278384 5/04/11 
  
7.9 33 140 590 
  
0.97 
      
0.23 0.08 0.04 0.04 
  
40.0 
     
30.0 
 
23.3 
   
DAFWA D4 GS
π
 469855 8278384 9/04/11 
  
8.1 37 150 370 
  
0.68 
      
0.16 0.06 0.03 0.03 
  
43.0 
     
32.6 
 
25.0 
   
DAFWA D4 GS
π
 469855 8278384 12/04/11 
  
7.9 38 130 520 
  
0.88 
      
0.20 0.05 0.04 0.04 
  
50.0 
     
33.6 
 
25.8 
   
DAFWA D4 GS
π
 469855 8278384 16/04/11 
  
7.7 38 150 340 
  
0.59 
      
0.14 0.06 0.04 0.06 
  
49.0 
     
34.1 
 
26.1 
   
DAFWA D4 GS
π
 469855 8278384 19/04/11 
  
7.7 38 150 390 
  
0.72 
      
0.17 0.06 0.02 0.05 
  
47.0 
     
35.3 
 
27.2 
   
DAFWA D4 GS
π
 469855 8278384 23/04/11 
  
7.6 39 160 390 
  
0.61 
      
0.14 0.05 0.02 0.02 
  
54.0 
     
34.9 
 
26.9 
   
DAFWA D4 GS
π
 469855 8278384 26/04/11 
  
7.6 39 150 280 
  
0.61 
      
0.13 0.05 0.02 0.03 
  
55.0 
     
33.4 
 
25.3 
   
DAFWA D4 GS
π
 469855 8278384 30/04/11 
  
7.6 35 190 150 
  
0.59 
      
0.15 0.08 0.05 0.06 
  
45.0 
     
32.6 
 
25.3 
   
DAFWA D4 GS
π
 469855 8278384 3/05/11 
  
7.4 37 210 230 
  
0.73 
      
0.16 0.07 0.04 0.04 
  
52.0 
     
33.5 
 
26.0 
   
DAFWA D4 GS
π
 469855 8278384 7/05/11 
  
7.6 37 200 53 
  
0.41 
      
0.09 0.06 0.02 0.02 
  
46.0 
     
33.6 
 
25.7 
   
DAFWA D4 GS
π
 469855 8278384 10/05/11 
  
7.6 37 210 260 
  
0.58 
      
0.14 0.06 0.02 0.03 
  
48.0 
     
32.7 
 
25.1 
   
DAFWA D4 GS
π
 469855 8278384 17/05/11 0.5 
                                
DAFWA D4 GS
π
 469855 8278384 17/05/11 0.5 
 
7.9 52 260 92 
  
0.50 0.11 0.02 0.01 
 
0.19 0.38 0.08 0.04 0.02 0.02 
  
58.0 
     
64.7 
 
44.1 
   
Ϡ
Lund, M & McCrea, A 2002, Assessment of the ecological risks associated with irrigation in the Ord River Catchment: Phase 1 – Identification of risks and development of conceptual models, Report No. 2001 - 05, Project No. LWWRDC WRC10, National Program 
for Irrigation Research and Development, Canberra. 
ξ
 Data collected by Ord Irrigation Cooperative and the Department of Water. Data stored on the Department of Water WIN database; accessed 2010. 
ϖ
  Autosampler data, collector unknown. Data stored on the Department of Water WIN database; accessed 2010. 
π
 D4 gauging station managed by Ord Irrigation Cooperative. 
¥ 
Holdfast Crossing 
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Table J3 Agricultural chemical concentrations in the D4 drain 
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Table J4 Major metal concentrations in D4 drain on 1 September 2010 
Metal 
Concentration 
(µg/L) 
Al 0.033 
As <0.001 
B 0.1 
Ba  0.09 
Be  <0.0001 
Bi <0.0001 
Cd <0.0001 
Co <0.005 
CO3 <1 
Cr <0.001 
Cu <0.002 
Hg <0.0001 
La <0.005 
Li <0.005 
Mn 0.21 
Mo <0.001 
Ni <0.001 
Pb <0.0001 
Sb <0.0001 
Se <0.001 
Sn <0.02 
Zn 0.007 
U 0.0002 
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